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Page  90,  Ime  30, /or  illustrated,  read  more  fully  given. 

Page  92,  line  13,  omit  and. 

Page  92,  line  14, /or  rudimentary,  read  sedimentary. 
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PLATES  I.  to  XV. 


Illustrative  of  Mr.  Robert  Mallet's  Report  on  the  facts  and  theory  of  Earth- 
quake Phenomena. 

PLATES  XVL  and  XVIL 

Illustrative  of  Mr.  R.  H.  Meade's  paper  on  some  Points  in  the  Anatomy  of 
the  Araneidea,  or  true  Spiders,  especially  on  the  Internal  Structure  of 
their  Spinning  Organs,  157« 

PLATE  XVIIL 

Illustrative  of  Mr.  Stephen  Eddy's  paper  on  the  Lead  Mining  Districts  of 
Yorkshire. 

PLATES  XIX.  and  XX. 
Illustrative  of  Mr.  R.  Beckley's  description  of  a  Self-recording  Anemometer. 
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OBJECTS    AND    RULES 

OF 

THE  ASSOCIATION. 


OBJECTS- 

The  Association  contemplates  do  interference  with  the  ground  occupied  by 
other  Institutions.  Its  objects  are, — To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientific  inquiry, — to  promote  the  intercourse  of  those 
vrho  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an* 
other,  and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
the  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  kind 
which  impede  its  progress. 

RULES. 

ADICISSION  OP  MEMBERS  AND  ASSOCIATES. 

All  Persons  who  have  attended  the  first  Meeting  shall  be  entitled  to  be* 
eome  Members  of  the  Association,  upon  subscribing  an  obligation  to  con- 
form to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So« 
cieties  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions,  shall  be  entitled,  in  like  manner,  to  become  Mem« 
hers  of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
ber«  of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the  General 
Committee  or  Council,  to  become  Life  Members  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  General 
Meeting. 

COMPOSITIONS,  SUBSCRIPTIONS,  AND  PRIVILEGES. 

LiFB  Members  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
^lall  receive  gratwtouily  the  Reports  of  Uie  Association  which  may  be  pub« 
lished  afler  the  date  of  such  payment.  They  are  eligible  to  all  the  offices 
of  the  Association. 

Annual  Subscribers  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  tlie  sum  of  One  Pound.  They  shall  receive 
gratmtousfy  the  Reporu  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  w'UhotU  intermission  their 
Annua!  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  all 
fstmre  years  the  privilege  of  receiving  the  volumes  of  the  Association  gratis : 
but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
lequent  Meetii^  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Ponnd.     They  are  eligible  to  all  the  Offices  of  the  Association. 

AsaociATSfl  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
cfigible  to  serve  on  Committeesi  or  to  hold  any  office. 
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XVm  RULES  OP  THE  ASSOCIATION. 

The  Association  consists  of  the  following  classes  : — 

1.  Life  Members  admitted  from  18dl  to  1845  inclusivci  who  have  paid 
on  admission  Five  Pounds  as  a  composition* 

2,  Life  Members  who  in  1846|  or  in  subsequent  years,  have  paid  on  ad* 
mission  Ten  Pounds  as  a  composition. 

8.  Annual  Members  admitted  from  1881  to  1889  inclusive,  subject  to  the 
payment  of  One  Pound  annually*  [May  resume  their  Membership  after  in- 
termission of  Annual  Payment. J 

4*  Annual  Members  admitted  in  any  year  since  1889,  subject  to  the  pay* 
ment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
▼olume  of  Reports,  gratis^  ox  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  speciBcation,  vis. : — 

1.  Gratis, — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1 845^  a 
further  sum  of  Five  Pounds. 
New  Life  Members  who  have  paid  Ten  Pounds  as  a  com- 
position. 
Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 
f .  At  reduced  or  Members*  Prices^  viz.  two-thirds  of  the  Publicadon 
Price. — Old  Life  Members  who  have  paid  Five  Pounds  as  a 
composition  for  Annual  Payments,  but  no  further  sum  as  a 
Book  Subscription. 
Annual  Members,  who  have  intermitted  their  Annual  Subscrip- 
tion. 
Associates  for  the  year.     [Privilege  confined  to  the  volume  for 
that  year  only.] 
5.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 
of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one-third  of 
Che  Poblieation  Price.    Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Red  Lion  Court,  Fleet  St.,  London. 
SttbscriptioBs  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEBTINOS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  Genera]  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Offi- 
cers of  the  Association. 

GENERAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with 
authors  of  Reports  in  the  Transactions  of  the  Association. 

f .  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Meetings  of  the  AssocifttioB* 
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5.  Office-bearers  for  the  time  being,  or  Delegates,  altogetheri  not  exceed- 
iDf  three  in  number,  fVom  any  Philosophical  Society  publishing  Transactions. 

4.  Office-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
iirom  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5*  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nomiDated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent md  General  Secretaries. 

6.  The  Presidents,  Vice-Presidento,  and  Secretaries  of  the  Sections  are 
tg-^fficio  members  of  the  General  Committee  for  the  time  being. 

SECTIONAL  COMMITTEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
titting  severaUy  of  the  Members  most  ronversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

Tlie  Committees  shaU  report  what  subjects  of  investigation  they  would 
ptfticularty  recommend  to  be  prosecuted  during  the  ensuing  year,  and 
broo^t  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  infomiatkm  of  the  Annual  Meetings. 

COMMITTEE  Of  RECOMMENDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
sod  report  to  the  General  Committee  the  measures  which  they  w^ould  advise 
to  be  adopted  for  the  advancement  of  Science. 

AD  Recommendations  of  Grants  of  Money,  Requests  fbr  Special  Re- 
Mrehes,  and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recom- 
meodations. 

lOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
•ssist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  assistance  they  may  desii^e. 

OFPICEBS. 

A  President,  two  Or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

COUNCIl. 

In  Ae  intervals  of  tlie  Meetings,  the  affan-s  of  the  Association  shall  be 
managed  by  a  Coundl  appointed  by  the  General  Committee.  I'he  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAPESS  AND  COMMUNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reierve 
bis  right  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annualJy,  by  Auditors 
app^'iQted  by  the  Meeting. 
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n*  Table  diowing  the  Names  of  Members  of  the  British  Aaeodaticm  who 
hiave  served  on  tho  Council  in  former  years. 


^cltod,  Sir  ThoniBS  D.,  Bart,  F.RS. 
Acland,  Profenor  H.  W.,  M.I>„  PJELS. 
Adams,  J.  Couch.  M.A.,  F Jt.S. 
AduQSQD,  John,  Eeq.,  F.L^. 
AiMfie,  BcT.  Gilbert,  D.D.,  Master  of  Pom- 
broke  Hall,  Cambridge. 
%,O.B^D.CLL.,F.K.S.,AstronomerRoyaL 
Aliion,  Profcewr  W.  P.,  M.P.,  F.B.S.B. 
fKW.J.CBsq. 
AndenoD,  Prol  Thomas,  MB. 


Ansted,  Profeesor  D.  T.,  M.A^  F.B.S. 
Irgjll,  George  Douglas,  Duke  of,  F.RI3. 
Amott,  Neil,  M.D.,  F.B.S. 
Ashburton,  William  Bingham,  Lord,  D.C.L. 
Atkinson,  Bt.  Hon.  B.,Iiora  Mayor  of  Dublin. 
Babbage,  Charles,  Esq.,  M.A.,  F.B.a 
Babington,  C.  C,  Em.,  M.A.,  F^.S. 
BaUj,  Francis,  Esq.,  F.RS.  (deceased). 
Baker,  Thomas  Barwick  Lloyd,  Esq. 
Balfour,  Professor  John  U.  M.D.,  F.B.S. 
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Baricer,  Cfeorge,  Esq.,  FJtJS.  (deoeased). 

Bell,  Profeeaor  Thomas,  Pres.  L.Sm  F.B.S. 

Beeohey,  Bear-Adminl,  FJft.S.  (deoeased). 

Benffough,  George,  Esq. 

Benuam,  Gborge,  Esq^  F.L.S. 

Biddell,  George  Arthur,  Esq. 

Bigge,  Charles,  Esq. 

Blakiston,  P^n,  M.D.,  F.R.S. 

BoUeau,  Sir  John  P.,  Bart,  F.R.S. 

Boyie,  RtJEon.  D.,  Lord  Justioe-Gen».  (dec«>). 

Bradj,The  Bt.  Hon.  Maziere,  M.B.IJl.,  Lord 
Ciianoellor  of  Ireland. 

Brand,  William,  Esq. 

Breadalbane,  John,  Marquis  of^  E.T.,  F.R.S. 

Brewster,  Sir  David,  K.H.,  D.C.L.,  LL.D., 
F.R.S.,Principal  of  the  United  College  of 
StSalvatorandStLeonard,  St  Andrews. 

Brisbane,  General  Sir  Thomas  M.,  Bart, 
KC.B.,  G.C.H.,  D.C.L.,  F.RS. 

Brooke,  Charles,  B.A.,  F.B.S. 

Brown,  Bobert,  D.C.L.,  F.RS.  (deceased). 

Brand,  Sir  M.  I.,  F.B.S.  (deceased). 

Buckhind,  Vejy  Rer.  William,  D.D.,  F.R.S., 
Dean  of  Westminster  ^eoeased). 

Bute,  John,  Marquis  of,  KT.  (deceased). 

Carlisle,  George  Will.  Fred.,  Earl  of,  F.R.S. 

Carson,  Eer.  Joseph,  F.T.C.D. 

Cathcart,Lt-Gen.,Earlof,  KC.B.,  F.R.SJB. 
(deceased). 

Chalmers,  Rer.  T.,  D.D.  (deceased). 

diance,  James,  Esq. 

Chester,  John  Graham,  D.D.,  Lord  Bishop  of. 

Christie,  Profiassor  S.  H.,  M.A.,  F.R.S. 

Clare,  Peter,  Esq.,  F.B.A.S.  (deceased). 

Clart  Rev.  Prof.,  M.D.,  F.R.S.  (Cambridge.) 

Clark,  Henry,  M.D. 

Clark,  G.  T.,  Esq. 

Clear,  William,  Esq.  (deceased). 

aerke,  Mi^or  S.,  K.H.,  R.E.,  F.R.S.  (dec^). 

Clift,  William,  Esq.,  F.R.S.  (deceased). 

Close,  Very  Rer.  F.,  M  JL,  Dean  of  Carlisle. 

Cobbold,  John  Cheralier,  Esq.,  M.P. 

Colquhoun,  J.  C,  Esq^  M.P.  (deceased). 

Conybeare,  Very  Rer.  W.  D.,  D^an  of  tlan- 
daff  (deceased). 

Cooper,  Sir  Henry,  M.D. 

Corrie,  John,  Esq.,  F.R.S.  (deceased). 

Cram,  Walter,  Esq.,  F.R.S. 

Currie,  William  Wallace,  Esq.  (deceased). 

Dalton,  John,  D.C.L.,  F.R.S.  (deceased). 

Daniell,  Professor  J.  F.,  F.R.S.  (deceased). 

Dartmouth,  William,  Earl  of,  D.C.L.,  F.R.S. 

Darwin,  Charles,  Esq.,  M.A.,  F.R.S. 

Daubeny,  Prof.  Charles  G.B.,  M.D.,  F.R.S. 

DelaBeche,  Sir  H.  T.,  C.B.,  F.R.S.,  Director- 
Gen.   QeoL    Burr,  United    Kingdom 


Derlmishire,  Mllliam,  Duke  of,  M.A.,  F.R.S. 
Dickinson,  Joseph,  M  J).,  F.R.S. 
Dillwyn,LewisW.,  Esq.,  F.RS.  (deceased). 
Drinlcwater,  J.  R,  Esq.  (deceased). 
Dude,  The  Earl,  F.RS. 
Dunraven,  The  Earl  of,  F.R.S. 
Egerton,Sir  P.  de  M.  Grey,  Bart,M.P.,F.RS. 
Efiot,  Lord,  M.P. 

Ellesmere,  Francis,  Earl  of,  F.G.S.  (doc^). 
Enniskillen,  William,  Earl  of,  D.C.L.,  F.Ra 
Estcourt,  T.  G.  B.,  D.C.L.  (deceased). 
Faraday,  Professor,  D.C.L.,  F.RS. 
Fitiwilliam,  Hie  Earl,  D.C.L.,  F.RS.  (dec*). 
Fleming,  W.,  M.D. 
Fletcher,  Bell,  M.D. 
Foote,  Lundy  £.,  Esq. 


Forbes,  Charles,  Esq.  (deoeated). 

Forbes,  Prof.  Edwa^  F JUSL  (deoeMed). 

Forbes,  Prof.  J.  D.,  F.RS.,  See.  R&B. 

Fox,  Robert  Were,  E^.,  F  JtS. 

Frost,  Charies,  F.SjL 

Gassiot,  John  P.,  Esq.,  FJtS. 

GKlbert,  Daries,  D.C.L.,  F.Ra  (deoeoaed). 

Gourlie,  Wiilisjn,  Esq. 

Graham,  T.,  M  JL.,  F.RS.,  Master  of  the  Mint. 

Gray,  John  E.,  Esq.,  Ph.D.,  F.RS. 

Gray,  Jonathan,  Esq.  (deceased). 

Gray,  William,  Esq.,  F.G.S. 

Green,  Prof  Joseph  Henry,  D.C.L.,  FR.8. 

Greenough,  G.  B.,  Esq.,  F.RS.  (deceased). 

Griffith,  Sir  R  Griffith,  Bt,  LL.D.,  M.RI.A. 

Grore,  W.  R,  Esq.,  MJL,  F.RS. 

Hallam,  Henry,  Esq.,  MA.,  F.RS.  (dsc*). 

Hamilton,  W.  J.,  Eso.,  F.RS.,  For.  Sec.  G.S. 

Hamilton,  Sir  Wm.  R,  LL.D.,  Astronomer 

Royal  of  Ireland,  M.RI.A.,  F.RA.a 
Hancock,  W.  Neilson,  LL.D. 
Haroourt,  Rer.  Wm.  Vernon,  MX,  F.RS. 
Hardwicke,  Charles  Philip,  Earl  of,  F JEL& 
Harford,  J.  S.,  D.C.L.,  F.RS. 
Harris,  Sir  W.  Snow,  F.RS. 
Harrowby,  The  Earl  of,  F.RS. 
Hatfeild,  William,  Esq.,  F.G.S.  (deceased). 
Henry,  W.  C,  M.D.,  F.RS.    [CoL,  Belfiui. 
Henrr,  Rer.  P.  S.,  D.D.,  Presidentof  Queen's 
Henslow,  Rer.  Professor,  M.A.,  F.L.S. 
Herbert^  Hon.  and  Very  Rev.  Wm.,  LL.D., 

F.L.S.,  Dean  of  Manchester  (dec*!). 
Herschel,Sir  John  F.W.,  Bart,D.C.L.,  F.Ra 
Heywood,  Sir  Benjamin,  Bart,  F.R.S. 
Heywood,  James,  Esq.,  F.R.S. 
HiU,  Rev.  Edward,  M.A.,  F.G.S. 
Hincks,  Rev.  Edward,  D.D.,  M.RLiL 
Hinds,  S.,  D.D.,  late  Lord  Bishop  of  Ncnrwidi. 
Hodgkin,  Thomas,  M  J). 
Hodgkinson,  Professor  Eaton,  F.R.S. 
Hodfson,  Joseph,  Esq.,  F.RS. 
Hooker,  Sir  William  J.,  LL.D.,  FJI.S. 
Hope,  Rev.  F.  W.,  BLA.,  F.RS. 
Hopldns,  William,  Esq.,  MA.,  F.RS. 
Horner,  Leonard,  Esq.,  F.RS.,  F.G.S. 
Hovenden,  V.  F.,  Esq.,  MjL 
Hutton,  Robert,  Esq.,  F.GJS. 
Hutton,  William,  Eiq.,  F.G.S. 
Ibbetson,CaptL.KBo6oawen,  KRE.,F.G.S. 
Liglis,  Sir  R  H.,  Bart,  D.C.L.,  M.P.  (dec*). 
Inman,  Thomas,  M.D. 
Jacobs,  Bethel,  Esq. 

Jameson,  Professor  R,  F.RJ3.  (deceased). 
Jardine,  Sir  William,  Bart,  F.RS  Jl 
Jeflreys,  John  Gwyn,  Esq.,  F  JLS. 
Jellett,  Rev.  Prof. 
Jenyns,  Rev.  Leonard,  F.L.S. 
Jerrard,  H.  B.,  Esq. 
Johnston,  Right  Hon.  William,  late  Lord 

Provost  of  Edinbui^h. 
Johnston, Prof.J.F.W.,M.A.,F.RJS.  (dec*). 
Keleher,  William,  Esq.  (deceased). 
Kelland,  Rev.  Professor  P.,  MjL 
Kildare,  The  Marquis  of. 
Lankester,  Edwin,  M.D.,  F.RS. 
Lansdowne,  Hen.,  Marquis  of,  D.C.L.,F.RS. 
Larcom,  Lt.-Colonel,  RE.,  LL.D.,  F.RS. 
Lardner,  Rev.  Dr.  (deceased). 
Lassell,  William,  Esq.,  F.RS.  L.  &  R 
Latham,  R  G.,  M.D.,  F.Ra 
Lee,  Very  Rev.  John,  D.D.,  F.RS.E.,  Prin- 


I«,Bobert,  MJ3..  P:B.S. 

Leferro,  &^^  Bon.    OharlM  Shaw,  late 

£^peaker  cff  the  "ELoaae  of  Commont. 
Lemon,  Sir  Charles,  Bart,  F.B.S. 
liddoU,  Andrerw,  'Eaq.  (deceased), 
lindley,  Profeesor  John,  Ph.D.,  F.B.8. 
liatowel.  The  Sari  of.  [Dublin  (dec^). 

Lloyd,  Bev.  B.,  I>.3>.,  Provoetof  Trm.  Coll., 
Lloyd,  Bev.  B:.,  I>.D.,  D.C.L.,F.B.S.  L.&E. 
LondedboTOugh,  Jjord,  F.RS. 
Lubbock,  ^r  John  W.,  Bart.,  M.A.,  F.RS. 
LaW,  Her.  Thomas. 
Lytil,  Sir  Charles,  MJL,  F.RS. 
MacCidlagh,  Prof.,  D.C.L.,  M.RI.A.  (dec«>). 
HaoDonnelUBer.  R,  D.D.,  M.RIjL,  Pto- 
Toat  of  Trinity  College,  Dublin. 

Ifacfariane,  The  Very  Rev.  Principal  (dec**). 

HacGee,  William,  M.D. 

MacLeay,  William  Sharp,  Esq.,  F.L.S. 

MacNem,  Profeesor  Sir  John,  F.RS. 

Malahide,  The  Lord  Talbot  da 

Mak»lm,Vice-Ad.  Sir  Charles,  K.C.B.  (dec^). 

Maltbj,  Edwwd,  D.D.,  F.RS.,  late  Lord 
Bishop  of  Durham  (deceased). 

Manchester,  J.  P.  Lee,  D.D.,  Lord  Bishop  of. 

Maj,  Qiarles,  Esq.,  F.RA.S. 

liejnell,  Thomas,  Esq.,  F.L.S. 

Middkton,  Sir  William  F.  F.,  Bart 

Miner,  Profeaor  W.  A.,  M.D.,  F.RS. 

limier.  Professor  W.  H.,  M.A.,  F.RS. 

Moillefc,  J.  D.,  Esq.  (deceased). 

Milnee,  R  Mondrton,  Esq.,  D.C.L.,  M.P. 

MogBTidge,  Matthew,  Esq. 

Moody,  I.  Sadleir,  Esq. 

Moodj,  T.  H.  C,  Esq. 

Ifoodj,  T.  F.,  Esq. 

Morlej,  The  Earl  of. 

MoBekj,  Ber.  Henry,  M.A.,  F.B.S. 

Moant-Edgecumbe,  EmeetAugustus,Earl  of. 

Morcfaison,  Sir  Boderick  I.,a.C.  StS.,  F  JtS. 

KetU,  Patri<^  M  J).,  F  JLS.E. 

Kkol,  D^  M.D. 

Kicol,BeT.J.P.,LLJ). 

Northampton,  Spencer  Joshua  Alwyne,  Mar- 
quis o^  y.P.RS.  (deceased^. 

Horthumberland,  Hufh,  Duke  of,  £.G.,M  JL, 
P.RS.  (deceased). 

Ormerod,  G.  W.,  E^.,  MjL,  F.G.S. 

Qrpen,  lliomas  Herbert,  M.D.  (deceased). 

Orpen,  John  H.,  LLD. 

O^,  Foiled:,  Esq.,  F.RS. 

Owen,  Professor  Bichd.,MJD.,  D.C.L,FJl.S. 

Oxford,  Samuel  Wilberforoe,  D.D.,  Lord 
Bishop  oS,  FJLS.,  F.G.S. 

Pahnmton,  Yisoount,  G.C.B.,  M.P. 

Peaoodc,  Very  Ber.  G.,  D.D.,  Dean  of  Ely, 
F3.S.  (deceased). 

Pa^BtHonJ3irR3art,M.P.,D.C.L.(dec<i). 

Peodarres,  E.,  W.  Esq.,  F.B.S.  (deceased). 

Phillips,  Professor  John,  M.A.,LL.D.,F.RS. 

Pigott,  The  Bt  Hon.  D.  R,  M.B.I.A.,  Lord 
ChiefBaron  of  tiie  Exchequer  in  Ireland. 

Pdier,  G.  R,  Esq.  (deceased). 

Powell,  Ber.  Professor,  M.A.,  F.B.S. 

Prichard,  J.  C,  M.D.,  F.RS.  (deceased> 

Bajosi^,  Trobnor  William,  M.A. 

Bansome,  George,  Esq.,  F.LS. 

Bflid,  Mai..Gen.  Sir  W.,  K.C.B.,  RE.,  F.RS. 
(deceased). 

TVJt^K«n,  tt,  Hon.  Lord,  M.P. 

Bemue,  Geoige,  Ebq.,  FJlJS. 

Bemde,  Bir  Jolm,  FJLS. 

BiebaidsoD,  Bir  John,  MD.,  CJB.,  F.R.S. 

BMOao,  Bffv.Froi^  JJLD^  F.RS.  (dec"). 


Bobinson,  Ber.  J.,  D.D. 

Bobinson,  Ber.  T.  R,  D.D.,  F.RA.S. 

BoMson,  Sir  John,  SecRSJSdin.  (deceased). 

Boche,  James,  Esq. 

Boget,  Peter  Mark,  M.D..  F.RS. 

Bonalds,  Francis,  F.B.S. 

Boeebery,  The  Earl  of;  KT.,  D.C.L,  F.RS. 

Boss,  Bear-Ad.  Sir  J.  C,  B  Jf .,  D.C.L,  F.B.S. 

BoBse,  Wm.,  Earl  of.  MA.,  F.B.S.,  M.B.I jL 

Boyle,  Prof.  John  F.,  M.D.,  F.RS.  (dec«»). 

Russell,  James,  Esq.  (deceased). 

Bussell,  J.  Scott,  :^,  F.B.S.        [V.P.RS. 

Sabine,  Maj.-Gen.,  BJL,  D.C.L,  Treas.  & 

Sanders,  William,  Esq.,  F.G.S. 

Scoresby,  Bev.  W.,  D.D.,  F.B.S.  (deceased). 

Sedgwick,  Bev.  Prof.  Adam,  M.A,  F.RS. 

Selby,  Prideaux  John,  Esq.,  F.B.SJB. 

Sharpy,  Professor,  M.D.,  SecRS. 

Sims,  Dillwyn,  Esq. 

Smith,  Lieut-Colonel  C.  Hamilton,  F.RS. 

Smith,  James,  F.B.S.  L  &  E. 

Spence,  William,  Esq^F.RS. 

Stanley,  Edward,  D  J).,  F.B.S.,  kte  Lord 

Bishop  of  Norwich  (deceased). 
Staunton,  Sir  G.  T.,  Bt,  m:.P.,  D.C.L,  F.B.a 
St  David's,  C.Thirlwall,D.D.,LordBiahop  of. 
Stevelly,  Professor  John,  LL.D. 
Stokes,  Professor  G.  G.,  SecRS. 
Strang,  John,  Esq^  LLD. 
StricUand,  Hu^E.,  Esq.,  F.B.S.  (deceased). 
Sykes,  Colonel  W.  H.,  M.P.,  F.B.S. 
Symonds,  B.  P.,  D.D.,  Vice-Chanoellor  of 

the  IJniversi^  of  Oxford. 
Talbot,  W.  H.  Fox,  Esq.,  M.A.  F.RS. 
Tayler,  Bev.  John  James,  B.A 
Taylor,  John,  Esq.,  F.B.S. 
Taylor,  Bichard,  Esq.,  F.G.S. 
Thompson,  William,  Esq.,  F.LS.  (deceased). 
Thomson,  Professor  WUliam,  M.A.,  FJLS. 
Tindal,  Captain,  B.N. 
Tite,  William,  Esq^  M.P.,  F.B.S. 
Tod,  James,  Esq.,  F.B.S.E. 
Tooke,  Thomas,  F.B.S.  (deceased). 
Traill,  J.  S.,  M.D.  (deceased). 
Turner,  Edward,  M.D.,  F.B.S.  (deceased). 
Turner,  Samuel,  Esq.,  F.RS.,F.G.S.  (dec^). 
Turner,  Bev.  W. 
5^dall,  Professor,  F.RS. 
Vigora,  N.  A.,  D.C.L,  F.LS.  (deceased). 
Vivian,  J.  H.,  M.P.,  F.B.S.  (deceased). 
Walker,  James,  Esq.,  F.B.S. 
Walker,  Joseph  N.,  Esq^  F.G.S. 
Walker,  Bev.  Professor  Bobcrt,  M.A,  F.B.S. 
Warburton,  Henry,  E8q.,M.A.,  F.B.S.(dec*»). 
Washington,  Captain,  B.N.,  r.B.S. 
Webster,  Thomas,  M.A,  F.B.S. 
West,  William,  Em.,  FJLS.  (deceased). 
Western,  Thomas  Burch,  Esq. 
Whamcliffe,  John  Stuart,Lord,F.B.S.(dec^). 
Wheatstone,  Professor  Charles,  F.RS. 
Whewell,  Bev.WilUam,  D.D.,  F.RS.,  Master 

of  Trim'ty  College,  Cambridge. 
Williams,  Prof  Charles  J.  B.,  M.D.,  F.B.S. 
Willis,  Bev.  Professor  Bobert,  MX,  F.B.S. 
Wills,  William,  Esq.,  F.G.S. 
Wilson,  Prof.  W.  P. 
Winchester,  John,  Marquis  of. 
Woollcombe,  Henn',  Esq.,  ]^.S.A  (deceased) 
Wrottesley,  John,  Lord,  M.A.,  PresJtS. 
Yarborough,  The  Earl  of,  D.CX. 
Yarrell,  William,  Esq..  F.LS.  (deceased). 
Tates,  James,  Esq.,  M.  A,  F.B.S.  )  O I  p 

Yates,  J.  B.,  Esq.,  F.S.  A,  F Jft.G.S.  (de^^  '"" 


OFnCERS  AND  COUNCIL,  1858-69. 

TRUSTEES  (PERMANENT). 
SiA  Roderick  I. UuB0Bi80N,0.C.St.S.,P.R.8.    M^jor-General  Edwailo    Sabinb, 
John  Tatloa,  Esq.,  F.R.S.  D.C.L.,  Treas.  &  V*P.R.S. 

PRUIDENT. 

RICHARD  OWEN,  M.D.,  D.C.L.,  V.P.R.8.,  F.L.S,,  F.G.8.. 

Superintendent  of  the  Nttoril  Hiitory  Departments  of  the  British  Ifaseam. 

VICE-PRESIDENTS. 

The  Lord  Montkaolb,  F.R.S.  The  Rev. William  Whbwbll,  D.D.,  F.R.S., 

The  Earl  of  Ripon,  F.R.G.S.  Hon.  M.R.I.A.,  F.6.S.,  F.R.A.S.,  Master  U 

The  Rt.  Hon.  M.  T.  Baimbs,  M.A.,  M.P.  Trinity  College,  Cambridge. 

Sir  Philip  db  M.  Grbt  Eobrton,  Bart.,    jAicB8GARTHMARSHALLyEsq.,M.A.,F.G.S« 

M .P.,  F.R.S.,  F.G.S,  R.  Moncktok  Milnb8,  Esq.,  D.C.L«|  M.P. 

PRESIDENT  ELECT. 

HIS  ROTAL  HIGHNESS  THB  PRINCE  CONSORT. 

VICE-PRESIDENTS  ELECT. 

The  DuKB  OF  Richmond,  K.G.,  F.R.S.,  Pre-    Sir  R.  I.MuRCHigoN,G.C.St.S.,D.C.L.,F.R.8., 

sident  of  the  Royal  Agricultural  Society.         and  Director-General  of  the  Geological  Sur- 

The  Earl  of  Abbrdbbn,  LL.D.,  K.G.,        vey  of  the  United  Kingdom. 

K.T.,  F.R.S.  The  Rev.  W.  V.  Harcourt,  M.A.,  F.R.S. 

The  Lord  Provost  of  the  City  of  Aberdeen.    The  Rev.  T.  R.  Robinson,  D.D.,  F.R.S.,  Di- 
Sir  John  F.  W.  Hbrscbbl,  Bart.,  D.C.L.,       rector  of  the  Armagh  Observatory,  Amiagh. 
M.A.,  F.R.S.  A.  Thomson,  Esq.,  LL.D.,  F.R.S.,  Convener 

Sir  David  Brbwstbr,  K.H.,  D.C.L.,  F.R.S.,       of  the  County  of  Aberdeen. 
Principal  of  the  United  College  of  St  Sal* 
vator  and  St.  Leonard,  St.  Andrews. 

LOCAL  SECRETARIES  FOR  THE  MEETING  AT  ABERDEEN. 
Jambs  Niool,  F.R.S.E.,  P.G.S.,  Professor  of  Natural  History  in  Marischal  College  and 

University  of  Aberdeen. 
Frbdbrick  Fullbr,  M  JL.,  Professor  of  Mathematics  in  Vnitersity  and  King's  College  of 

Aberdeen. 
John  F.  WHm,  Esq.,  King  Street. 

LOCAL  TREASURERS  FOR  THE  MEETING  AT  ABERDEEN. 
John  Anous,  Esq.  Nbwbll  Burnbtt,  Esq. 

ORDINARY  MEMBERS  OF  THE  COUNCIL. 
Babington,    C.   C,  M.A.,    Latham,  R.  G.,  M.D.,  F.R.S.    SHARPBT,Profes8or,Sec.R.8. 
F.R.S.  Ltbll,  Sir  C,  D.C.L.,  F.R.S.    Stkbs,  Colonel  W.  H.,  M.P.y 

BBLL,Prof.,  Pres.L.S.,F.R.S.    Millbr,  Prof.  W.  A.,  M.D.,        F.R.8. 
Fairbairn,William,F.R.S.        F.R.S.  Titb,  William,  M.P.,  F.R.8, 

FrrzRoT,RearAdmiral,F.R.S.    Portlook,    Mi^or  -  General,    Walkbr,  Rev.  Prof.,  F.R.8. 
Gassiot,  John  P.,  F.R.S.  R.E.,  F.R.S.  Wbbstbr,  Thomas,  F.R.8. 

Grovb,  William  R.,  F.R.S.     Price,  Rev.  Prof.,  F.R.8.         Wrottbslbt,  Lord,  F.R.S. 
HoRNBR,  Leonard,  F.R.S.       Rbnnib,  Gborob,  F.R.S.  Tatbs,  Jambs,  M.A.,  P.R«S. 

HurroN,  Robert,  F.G.S.  Russell,  J.  S.,  F.R.S. 

EX-OFFICIO  MEMBERS  OF  THE  COUNCIL. 
The  President  and  President  Elect,  the  Vice-Presidents  and  Vice-Presidents  Elect,  the  Ge- 
nend  and  Assistant-General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presi- 
dents of  former  years,  viz.  Rey.  Professor  Sedgwick.  Sir  Thomas  M.  Brisbane.  The  Marquis 
of  Lansdowne.  The  Duke  of  Devonshire.  Kev.  W.  V.  Harconrt.  The  Marquis  of  Bread- 
albane.  Rev.  W.  Whewell,  D.D.  The  Earl  of  Rosse.  Sir  John  F.  W.  Herschel,  Bart.  Sir 
Roderick  I.  Mnrchison.  The  Rev.  T.  R.  Robinson,  D.D.  Sir  David  Brewster.  G.  B.  Airy,  Esq., 
the  Aslaronomer  Royal.  General  Sabine.  William  Hopkins,  Esq..  F.R.S.  The  Earl  of 
Harrowby.    The  Duke  of  ArgylL    Professor  Daubeny,  M.D.   The  Rev.  H.  Lloyd,  D.D. 

GENERAL  SECRETARY. 
Major-Gbnbral  Edward  Sabine,  R.A.,  D.C.L.,  Treaa.  &  V.P.R.S.,  F.R.A.S.I 
13  Ashley  Place,  Westminster. 
ASSISTANT  GENERAL  SECRETARY. 
John  Phillips,  Esq.,  M.A.,  LL.D.,  F.R.8.,  Pres.G.S.,  Reader  in  Creology  in  the  University 
of  Oxford ;  University  Museum,  Oxford. 
GENERAL  TREASURER. 
John  Taylor,  Esq.,  F.R.S.,  6  Queen  Street  Place,  Upper  Thames  Street,  London. 
LOCAL  TREASURERS. 
William  Gray,  Esq.,  F.G.S.,  York,  Robert  P.  Greg,  Esq.,  F.G.S.,  Manehetter. 

C.C.Babington,E8q.,M.A.,F.R.S.,C;ami^rM%re.    John  Gwyn  Jeffreys,  Esq.,  F.R.S.,  Swamea, 
William  Brand,  Esq.,  Edinburgh,  J.  B.  Alexander,  Esq.,  Ipmnch, 

John  U.  Orpen,  LL.D.,  Dublin,  Robert  Patterson,  Esq.,  M.R.I.A.,  Be{ftt$t 

WilUam  Sanders,  Esq.,  F.G.S.,  BrittoL  Edmund  Smith,  Esq.,  HulL 

Robert  M' Andrew,  Esq.,  F.R.S.,  LitmpooL       Richard  Beamish,  Esq.,  F.R.S.,  CMtenkmrn, 
W.  R.  Wills,  Esq.,  Birmmgham.  John  Metcalfe  Smith,  Esq.,  Leeds, 

Professor  Ramsay,  M.A.,  ukug^w.  Digitized  by  CjOOQIC 

AUDITORS.  ^ 

James  Yates,  Esq.  Dr.  Norton  Shaw.  Robert  Hotton,  Eaq. 


OFFICXRS  OF  0XCTIONAL  COHMITTBB8.  XXYU 

OFFICERS  OF  SECTIONAL  COMMITTEES  PRESENT  AT  THE 
LEEDS  MEETING, 

SBOnOH  A. — MATHEMATICS  AND  PHYSICS. 

iVewfcii/.— Rev.  W.  Whewdl,  D.D.,  V.P.R.S.  &c. 

Vice'Prttideni9. — G.  B.  Airv,  M.A.,  D.C.L.,  AstFonomer  Royal ;  Rev.  A.  Barry« 
BLA.  ;•  Sir  D.  Brewster,  K.H./LL.D.,  F.R.S. ;  Rev.  Dr.  Lloyd,  F.R.S. ;  Rev.  Pro- 
fessor Walker,  M.A.,  F.R.S. ;  Lord  Wrotteslcy,  V.P.R.S. 

Secre/oriet.— Rev.  S.  Eamshaw,  B.A. ;  H.  J.  S.  Smyth,  M.A. ;  Professor  StevcUy, 
LL.D.;  Professor  Tyndall,  F.R.S. ;  John  Pope  Hennessy,  Esq. 

SECnON   B. CHEMISTRY   AND   MINERALOOT,  INCLUDING  THBIR   AVrLICAXIONB 

TO   AGRICULTURE    AND   THE    ARTS. 

Prewfarf.— Sir  J.  F.  W.  Herschel,  Bart..D.C.L.,M.A.,F,R.S. 

VuX'Pretidents. — ^The  Rev.  W.  Vernon  Harcourt,  M.A.,  F.R.S.  i  Professor 
Faraday,  D.C.L.,  F.R.S. ;  J.  P.  Gassiot,  V.P.R.S. 

Secrrforiet.— J.  H.  Gladstone,  Ph.D.,  F.R.S. ;  W.  Odling,  M.B.,  F.C.S. ;  Richard 
Reynolds,  F.C.S. 

SECTION  C. — GEOLOGY. 

Pretufca/.— Wm.  Hopkins,  M.A.,  LL.D.,  F.R.S. 

Ffce-Pran<fc»<s.— Mjyor-General  Portlock,  LL.D.,  F.R.S. ;  Earl  of  Ennbkillen, 
F.R.S. ;  Sir  P.  de  M.  Grey  Egerton,  Bart.,  F.R.S. ;  Professor  Ramsay,  F.R.8. 

Secre/flnet.— Professor  J.  Nicol,  F.G.S. ;  H.  C.  Sorby,  F.R.S. ;  E.  W.  Shaw, 
Eeq. 

SECTION  D. ZOOLOGY  AND  BOTANY,  INCLUDING  PHYSIOLOGY. 

Prefidm/.— C-  C.  Babington,  M.A.,  F.R.S. 

Viee-PrmdenU.—Sir  W.  Jardine,  Bart.,  F.R.S.E. ;  Sir  John  Richardson,  M.D., 
LLD.,  F.R.S. 

SeereUiries. — E.  Lankester,  M.D.,  F.R.S. ;  Henry  Denny,  A.L.S. ;  Dj.  Heaton  j 
Dr.  E.  Pfercival  Wright,  M.R.I.  A. 

SUB-SECTION  D. PHYSIOLOGICAL  SCIENCE. 

Prmdent. — Sir  Benjamin  Brodie,  Bart.,  D.C.L.,  Pres.R.8. 
Fiee-PresidenU.'-ThomBA  P.  Teale,  F.L.S.;   Dr.   Hodgkin ;    Dr.   Chadwick; 
Samuel  Smith,  Esq.  • 

Secretery.— -C.  G.  Wheelhouse,  Esq. 

SECTION  E.— GEOGRAPHY  AND  ETHNOLOGY. 

Pretident. — Sir  Roderick  Murchison,  G.C.St.S.,  D.C.L.,  F.R.S.,  President  of  the 
Royal  Geographical  Society,  &c. 

Ftcc-Pre»ufci»/«.— Major-GeneralChe8ney,D.C.L.,F.R.S.;  John  Crawfurd,F.R.S.; 
Rear-Admiral  FitzRov,  F.R.S. ;  Rev.  W.  F.  Hook,  D.D. ;  Sir  H.  C.  Rawlinson, 
K.C.B.,  F.R.S. ;  Sir  John  Richardson,  C.B.,  M.D.,  LL.D. 

Seeretariea. — Dr.  Norton  Shaw ;  Thomas  Wright,  F.S.A. ;  Francis  Galton,  Esq. ; 
P.  O'Callaghan,  Esq. ;  Richard  Call,  Esq. 

SECTION  F. — ECONOMIC  SCIENCE  AND  STATISTICS. 

Prmdeut, — Edward  Baines,  Esq. 

Ftce-Prewcfeii^.— Colonel  W.  H.  Sykes,  M.P.,  F.R.S, ;  James  Heywood,  F.R.8.  | 
W.  Scrope  Ayrton,  F.S.A. ;  Darnton  Lnpton ;  Sir  James  Kay  Shnttieworth,  Bart. 

SearHariet, — ^William  Newmarch,  Esq. ;  John  Strang,  LL.D. ;  Professor  Caimes ; 
Captain  Fishbonme  ;  Thos.  B.  Baines,  B.A. ;  Samnel  Brown,  F.S.S, 

SECTION  O. — MECHANICAL  SCIENCE. 

P^wdwrf.—William  Fairbaim,  F.R.S. 

Fiee-PreMdemtt.—J.  G.  Appold,  F.R.S. ;  Sir  P.  Fairbaim,  Mayor  of  Leeds ;  J. 
Glynn,  F.R.S. ;  J.  Kitson,  C.E. ;  Professor  Rankine,  LL.D.,  F,R.S.,  Pres.  Inst. 
i^,  Scot.;  G.  Rennie,  F.R.S. ;  J.  Scott  Russell,  F.R.S. ;  T.  Webster,  M.A., 
F.R.S.  i  General  Wilson. 

Secretencf.— J.  C.  Dennis,  F.R.A.S. ;  I.  Dixon,  Esq. ;  H.  Wright.  Esq. 


Digitized  by  CjOOQ IC 


jcxvui 


REPORT — 1858. 


CORRESPONDING  MEMBERS. 


Professor  Agassiz,    Cambridge,   Massa* 

ehuteiU. 
M.  Babinet,  ParU. 
Dr.  A.  D.  Bache,  Washington. 
Professor  Bolzani^  Kazan, 
Barth,  Dr. 

Mr.  P.  G.  Bond,  Cambridge,  U.S. 
M.  Boutigny  (d'Evreux). 
Professor  Braschmann,  Moscow. 
Chevalier  Bunsen,  Heidelberg, 
Dr.  Ferdinand  Cohn,  Breslait. 
M.  Antoine  d'Abbadie. 
M.  De  la  Rive,  Geneva. 
Professor  Dove,  Berlin. 
Professor  Dumas,  Paris. 
Dr.  J.  Milne-Edwards,  Parts. 
Professor  Ehrenberg,  Berlin. 
Dr.  Eisenlohr,  Carlsruhe. 
Professor  Encke,  Berlin. 
Dr.  A.  Erman,  Berlin. 
Professor  Esmark,  Chrisiiania. 
Professor  G.  Forchbammer,  Copenltagen. 
M.  L^n  Foucault,  Paris. 
Prof.  E.  Freray,  Paris. 
M.  Frisian!,  Milan. 
Professor  Asa  Gray,  Cambridge,  ILS. 
Professor  Henry,  JVashinglon,  U.S. 
M.  Jacobi,  St.  Petersburg. 
Prof.  A^  Kblliker,  Wurzbwg. 
Prof.  De  Koninck,  Liege. 
Professor  Kreil,  Vienna. 
Dr.  A.  Kupffer,  St.  Petersburg. 
Dr.  Lamont,  Munich. 


Prof.  F.  Lanza,  Spoleto. 

M.  Le  Verrier,  Paris. 

Baron  von  Liebig,  Munich. 

Professor  Loomis,  New  York. 

Professor  Gustav  Magnus,  Berlin. 

Professor  Matteucci,  Pisa. 

Professor  von  Middcndorff,  St. Petersburg, 

M.  I'Abb^  Moigno,  Paris. 

Professor  N  ilsson,  Sweden. 

Dr.  N.  Nordensciold,  Finland. 

M.  E.  Peligot,  Paris. 

Viscenza  Pisani,  Florence. 

Gu stave  Plaar,  Strasburg. 

Chevalier  Plana,  7\trin. 

Professor  Pliicker,  Bonn. 

M.  Constant  Provost,  Paris. 

M.  Quetelet,  Brussels. 

Prof.  Retzius,  Stockholm. 

Professor  C.  Ritter,  Berlin, 

Professor  H.  D.  Rogers,  Boston,  U.S. 

Professor  W.  B.  Rogers,  Boston,  U.S. 

Professor  H.  Rose,  Berlin. 

Herman  Schlagintweit,  Berlin, 

Robert  Schlagintweit,  Berlin, 

Dr.  Siljestrom,  Stockholm, 

M.  Struv^,  Pulkowa. 

Dr.  Svanberg,  Stockholm. 

M.  Pierre  Tchihatchef. 

Dr.  Van  der  Hoeven,  I^den. 

Baron  Sartorius  von  Waltershausen, 

Gottingen. 
Professor  Wartmann,  Geneva. 


Report  of  the  Council  of  the  British  Association  as  presented 
TO  THE  General  Committee  at  Leeds>  September  22nd,  1858. 

1.  With  reference  to  the  subjects  referred  to  the  Council  by  the  General 
Committee  at  Dublin,  the  Council  have  to  report  as  follows: — 

a.  The  General  Committee  passed  the  following  resolution,  viz. : — 

^  That  it  is  of  great  importance  to  the  progress  of  Science  that  the  Mag- 
netic Observations  which  have  already  added  so  much  to  our  knowledge  of 
terrestrial  magnetism,  should  be  continued.  That  the  influence  of  the  Asso- 
ciation will  be  well  employed  in  attaining  this  object,  and  that  it  is  desirable 
to  obtain  the  cooperation  of  the  Royal  Society.  That  a  Committee  be  ap- 
pointed, consisting  of  the  President,  the  Rev.  Dr.  Robinson,  and  Major-General 
Sabine,  to  request,  on  tlie  part  of  the  British  Association,  the  cooperation  of 
the  President  and  Council  of  the  Royal  Society,  and  to  take  in  conjunction 
with  them  such  steps  as  may  appear  necessary,  including,  if  it  be  thought 
desirable,  an  application  to  Government." 

A  copy  of  this  resolution  was  transmitted  soon  af>er  the  Dublin  Meeting 
by  the  President,  Dr.  Lloyd,  to  Lord  Wrottesley,  President  of  the  Royid 
Society,  accompanied  by  the  following  letter : — 
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*«  Not.  6, 1857. 
"  My  Lord, — At  the  Meeting  of  the  British  Association  which  was  held 
at  Dublin  in  Aagust  last,  a  Resolution  was  adopted  proposing  the  continuance 
of  the  system  of  Magnetical  Observations  which  was  commenced  under  the 
auspices  of  the  Royal  Society  and  of  the  British  Association  in  1840;  and  a 
Committee,  consisting  of  the  President  of  the  Association,  Rev.  Dr.  Robinson, 
and  General  Sabine,  was  appointed,  to  request  the  cooperation  of  the  Presi- 
dent and  Council  of  the  Royal  Society  in  the  endeavour  to  attain  this  object, 
and  to  take  in  conjunction  with  them  such  steps  as  may  appear  desirable  for 
that  end.  If  this  proposal  should  commend  itself  to  your  Lordship's  judg- 
ment, and  that  of  the  Council  of  the  Royal  Society,  I  have  to  request,  on  the 
part  of  the  gentlemen  above  named,  that  you  will  be  pleased  to  nominate  a 
Committee  of  the  Royal  Society  to  confer  with  them,  and  to  take  such  further 
steps  in  conjunction  with  them  as  may  seem  expedient. 

"  I  have  the  honour  to  be,  My  Lord, 

"  Your  most  obedient  Servant, 
(Signed)  «  H.  Lloyd." 

«  To  the  Eight  Hon.  the  Lord  Wrottesley,  P.R.S:' 

In  consequence  of  this  letter,  the  President  and  Council  of  the  Royal 
Society  appointed  a  Committee,  consisting  of  Sir  John  Herschel,  Bart.,  the 
Rev.  Dr.  Whewell,  the  Rev.  The  Dean  of  Ely,  and  the  Astronomer  Royal 
(who  had  been  members  of  the  Committee  of  Physics,  by  whom  the  former 
Report  on  terrestrial  magnetism  in  1839-40  had  been  drawn  up)  to  consider 
the  progress  and  present  state  of  Magnetical  Investigation ;  and  to  take,  in 
conjunction  with  the  Committee  appointed  by  the  British  Association,  such 
steps  as  should  appear  advisable  for  its  further  prosecution ;  including,  if  it 
should  be  deemed  desirable,  an  application  to  Government. 

The  mode  of  proceeding  pursued  by  the  two  Committees  has  been  hitherto 
that  of  independent  deliberation,  with  occasional  intercommunication  by 
correspondence.  The  conclusions  which  have  been  arrived  at  by  the  two 
Committes  being,  it  is  understood,  substantially  the  same,  a  united  Meeting 
has  been  appointed  to  take  place  at  Leeds,  in  the  present  week,  at  which  a 
joint  report  may  be  drawn  up,  and  may  be  presented  to  the  General  Com- 
mittee at  its  meeting  on  Monday  next,  when  such  further  steps  may  be 
taken  in  reference  to  the  subject  as  may  appear  desirable. 

b.  The  General  Committee  assembled  at  Dublin  directed  that  '<an  appli- 
cation should  be  made  to  Her  Majesty's  Government  to  send  a  vessel  to 
examine  and  survey  the  entrance  to  the  Zambesi  River  in  South  Africa,  and 
to  ascend  the  river  as  far  as  may  be  found  practicable  for  navigation." 

The  President,  and  the  Committee  to  whom  the  charge  of  this  application 
was  entrusted,  having  placed  themselves  in  communication  with  Dr.  Living- 
stone, presented  the  following  Memorial  to  the  Earl  of  Clarendon,  Her  Ma- 
jesty's Secretary  of  State  for  Foreign  Affairs : — 

**  Dr.  Livingstone's  successful  travels  in  Africa,  and  the  account  which  he 
has  giYen  of  them  at  public  meetings  in  the  metropolis  and  in  several  of  the 
principal  provincial  towns  of  the  United  Kingdom,  have  excited  throughout 
the  coontTT  a  strong  desire  to  obtain  more  full  particulars  regarding  the 
prodoctions,  capabilities,  and  accessibility  of  that  portion  of  the  globe. 

"  The  Zambesi  River  appears  by  Dr. Livingstone's  account  to  furnish  means 
of  communication  with  the  interior  of  Southern  Africa  similar  to  those  which 
the  Quorra  and  Binue  have  been  found  to  afford  in  Central  Africa.  The 
oljeet  of  the  present  application  is  to  bring  under  the  consideration  of  Her 
Mije8ty*8  Government  Uie  expediency  of  availing  themselves  of  the  oppor- 
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tunity  of  t)r.  Livingstone's  return  to  Afrtca,  to  employ  a  suitable  vessd  in  the 
ensuing  season  to  obtain,  with  his  assistance,  a  more  correct  knowledge  than 
we  now  possess,  of  the  facilities  which  the  Zambesi  would  afford  for  com- 
merce, and  of  the  extent  to  which  its  waters  may  be  navigable ;  and  ako  to 
procure  a  more  exact  knowledge  of  the  natural  productions  of  the  country, 
and  of  the  availability  of  the  supplies  of  coal  and  other  mineral  subetanoet 
which  are  stated  to  exist  in  the  vicinity  of  the  river." 

Early  in  November  the  Committee,  accompanied  by  Dr.  Livingstone,  were 
favoured  with  a  personal  interview  by  Lord  Clarendon,  who  was  pleased  to 
express  a  warm  interest  in  the  proposed  Expedition,  and  promised  that  it 
should  receive  the  favourable  consideration  of  Her  Majesty's  Government 
The  expectation  thus  raised  has  been  fully  realized ;  a  vote  of  money  was 
moved  by  the  Chancellor  of  the  Exchequer,  and  sanctioned  by  the  House  of 
Commons ;  and  the  Expedition  has  since  sailed,  having  had  the  advantage  of 
receiving  ^om  the  Royal  Society,  on  Lord  Clarendon's  invitation,  suggestions 
as  to  the  scientific  objects  which  the  Expedition  may  be  made  to  subserve, 
without  Interference  with  its  primary  and  immediate  purpose,  and  having 
been  fumbhed  at  the  Observatory  of  the  British  Association  at  Kew,  with 
scientific  instruments,  and  with  personal  instruction  in  their  use. 

e.  The  General  Committee,  at  Dublin,  directed  that  application  should  be 
made  to  Her  Majesty's  Government  ^*  to  send  a  vessel  to  the  vicinity  of  the 
Mackenzie  River,  for  the  purpose  of  making  a  series  of  Magnetic  Observations 
with  special  reference  to  the  determination  of  the  laws  now  known  to  rule 
the  magnetic  storms."  The  General  Committee  entrusted  this  application  to 
the  President,  assisted  by  a  Committee  named  in  the  Resolution.  A  Memorial, 
setting  forth  the  grounds  and  object  of  the  application,  having  been  prepared 
by  the  Committee,  was  presented  to  Lord  Palmerston  on  the  31st  of  October, 
with  a  request  from  the  Committee  to  be  favoured  with  an  interview. 

The  Memorial  was  as  follows : — 

**  Among  the  most  important  results  of  scientific  research  during  the  last 
twenty  yeats,  is  the  addition  which  has  been  made  to  our  knowledge  of  Ter- 
restrial Magnetism.  The  variation  of  its  direction  and  intensity  dependent  on 
the  observer's  position  on  the  globe,  have  been  ascertained  with  a  precision 
which  already  affords  material  assistance  to  the  seaman ;  and  those  variations 
which  are  connected  with  the  hour  of  the  day,  or  season  of  the  year,  have 
been  also  carefullv  investigated.  But,  as  always  happens  in  real  progress, 
the  advance  which  has  been  made  has  shown  new  ground  which  ought  to  be 
explored.  Without  referring  to  the  magnetic  influence,  which  we  have  now 
reason  to  believe  is  exerted  on  our  planet  both  by  the  sun  and  moon,  a  still 
more  interiesting  fact  has  recently  been  established.  It  has  long  been  known 
that  the  earth's  magnetism  is  affected  by  sudden  disturbances,  occasionally 
so  great  as  even  to  interfere  with  its  practical  applications ;  but  it  has  been 
very  recently  discovered  that  these  magnetic  storms  (as  they  have  been  called) 
are  themselves  subject  to  periodic  laws.  Their  study  is  evidently  of  the 
highest  importance  towards  the  discovery  of  the  physical  causes  which  are 
engaged  in  producing  magnetic  phenomena,  and  a  fortunate  circumstance 
has  pointed  out  one  method  of  pursuing  it.  During  the  years  in  which  Her 
Migesty's  Ship  'Plover'  was  stationed  at  Point  Barrow,  as  a  part  of  the 
squadron  which  was  searching  for  the  traces  of  Sir  J.  Franklin,  and  bis  noble 
companion^  her  officers,  under  the  superintendence  of  their  gifted  com- 
mander R.  Maguire,  made  a  valuable  series  of  magnetic  observations,  the  more 
precious  from  their  peculiar  position,  and  the  great  care  with  which  they  were 
conducted.  On  reducing  these  and  comparing  their  results  with  those  ob- 
tained at  Toronto,  the  most  famous  of  the  British  Magnetic  Observatories, 
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some  very  remarkable  facts  were  elicited  respecting  the  magnetic  storms. 
At  both  stations  they  occur  simnltaneously ;  but  with  the  significant  differ- 
ence that  their  directions  are  opposite.  This  indicates  so  clearly  the  relation 
of  these  disturbances  to  a  point  somewhere  between  Point  Barrow  and 
Toronto,  that  it  appeared  to  the  Physical  Section  of  the  British  Association, 
when  discussing  at  its  late  Meeting  these  observations,  of  high  importance 
to  have  them  continued  and  extended.  For  thb  purpose  a  location  in  or 
near  Mackenzie  River  appears  the  most  suitable,  as  very  well  situated  with 
respect  to  the  other  two,  and  as  easily  accessible  without  any  extraordinary 
risk,  or  chance  of  long  detention.  The  same  instruments  are  available ;  and 
as  there  are  many  officers  in  Her  Majesty's  Navy  perfectly  competent  to  use 
them,  it  is  confidently  expected  that  the  result  would  be  alike  beneficial  to 
tliis  department  of  Physical  Science,  and  honourable  to  our  country." 

No  reply  having  been  received  to  this  communication,  the  following  letted 
was  addressed,  on  the  4th  of  January,  by  the  President,  to  G.  C.  Barrington, 
Esq«,  private  Secretary  to  Lord  Palmerston  :— 

"Ja]iiury4, 1858. 

**  Sir, — On  the  Slst  of  October  I  communicated  to  Lord  Palmerston  a 
resoliition  adopted  by  the  British  Association  for  the  Advancement  of  Science, 
Btaking  i^llcation  to  Her  Majesty's  Government  to  send  a  vessel  to  the 
vicinity  of  the  Mackenzie  River,  for  the  purpose  of  obtaining  in  that  region 
eertain  observations,  which  recent  discoveries  in  Terrestrial  Magnetism  had 
proved  to  be  of  high  importance  to  science ;  and  I  enclosed  at  the  same  time 
a  Memorial,  setting  forth  in  detail  the  grounds  of  the  application. 

*^  At  the  time  for  making  the  necessary  preparations  for  such  an  expedition 
has  DOW  fully  arrived,  I  trust  I  shall  not  be  deemed  unreasonable  in  recalling, 
tlirough  yon,  his  Lordship's  consideration  to  the  subject. 

^  In  reference  to  this  part  of  the  question,  I  beg  to  enclose  a  letter  froni 
Captain  Magaire,  who  commanded  H.M.S.  *  Plover  in  the  same  seas  in  1852, 
1855,  1854>,  and  who  is  probably  the  best  authority  on  the  subject.  It  will 
be  seen  from  it,  that  there  is  still  sufficient  time  to  equip  a  vessel  for  the 
fbrthctnning  season.  As  respects  the  kind  of  vessel  required,  and  the  nature 
of  the  equipment,  the  same  officer  writes  as  follows,  in  a  letter  dated  the  5th 
of  November  lemtf  addressed  to  General  Sabine : — 

^  *  One  of  the  despatch  gun-vessels  will  answer  very  well.  There  are  also 
many  sailing-sloops  now  lying  idle— such  as  the  *  Frolic'  and  '  E^i^gle,'  or 
nMmy  others,  that  might  be  made  available  at  a  trifling  expense.  The  strength- 
ening need  not  be  much ;  and  a  very  small  auxiliary  steam-power,  sufficient 
to  propel  the  vessel  two  or  three  knots  in  a  calm,  would  suffice  to  carry  her 
through  the  land-water  of  the  north  coast  from  Point  Barrow.  The  shores 
from  thence  to  the  Maekensi^  afford,  in  every  part,  an  ample  supply  of  drift- 
wood fit  for  steaming  purposes*' 

*^  As  I  believe  that  one  of  the  chief  objections,  on  the  part  of  Her  Majesty's 
Government,  to  further  expeditions  to  the  Arctic  Seas,  is  the  danger  to  tiie 
lives  of  the  seamen  employed  in  the  service,  I  think  it  right  to  add^  that  an 
expedition  to  this  locality  will  be  attended  with  ne  unusual  risk, — and  that, 
on  the  other  hand,  it  majf  afford  important  support  to  the  gallant  crew  who 
are  now  engaged  in  the  final  search  for  the  traces  of  the  FrankHn  Expedition^ 
if  the  commander  should  be  indneed  by  circnmstanees^  which  are  not  iaaK» 
probable,  to  push  his  vessel  westward. 

''  I  have  the  honour  to  be.  Sir, 

*^  Your  obedient  Servant, 
(Signed)  "H.Lloyb." 
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To  thid  letter  the  following  reply  was  received : — 

"  Downing  Street,  Jan.  22, 1858. 
«•  Sin, — In  reply  to  your  letter  of  the  4th  instant,  I  am  desired  by  Lord 
Palmerston  to  acquaint  you  that  Her  Majesty's  Government  do  not  think  it 
advisable  to  take  the  steps  recommended  by  you. 

« I  am.  Sir, 
"  Your  obedient  Servant, 
(Signed)  *'  Gerald  Ponsonby/* 

'' Rev.  Dr.  Lhydr 

2.  The  General  Committee  at  Dublin  having  placed  £.500  at  the  disposal 
of  the  Council,  to  be  employed  in  maintaining  the  establishment,  and  pro* 
viding  for  the  continuance  of  special  researches  at  the  Kew  Observatory,  the 
Report  of  the  Committee  to  whom  the  Council  have  confided  the  superin- 
tendence of  the  Kew  Observatory  is  herewith  annexed,  testifying  to  the  great 
and  still  increasing  public  utility  of  that  establishment.  The  General  Com- 
mittee will  recognize  with  pleasure,  in  the  contribution  of  £150  received  from 
the  Royal  Society,  for  the  purchase  of  improved  tools  for  the  workshop  of  the 
Observatory,  a  fresh  evidence  of  the  readiness  of  the  President  and  Council 
of  that  body  to  aid  the  objects  of  the  Kew  Observatory,  by  special  grants 
from  time  to  time  for  particular  purposes. 

S.  Since  the  communication  made  by  the  President  and  Council  of  the  Royal 
Society  to  the  General  Committee  in  Dublin,  relative  to  the  formation  of  a 
«  Catalogue  of  the  Philosophical  papers  contained  in  the  various  scientific 
Transactions  and  Journals  of  all  Countries  "  (printed  copies  of  which  com- 
munication were  distributed  amongst  the  members  of  the  General  Committee 
in  Dublin),  this  important  work  has  been  commenced  under  the  auspices  and 
at  the  expense  of  the  Royal  Society.  It  is  purposed  that  it  should  include  the 
titles  (in  the  original  languages)  of  all  Memoirs  published  in  such  works,  in 
the  Mathematical,  Physical,  and  Natural  Sciences,  from  the  foundation  of  the 
Royal  Society  to  the  present  time :  the  titles  to  be  so  arranged  as  to  form 
ultimately  three  catalogues, — one  chronological,  or  in  the  order  of  the  me- 
moirs in  the  several  series, — one  alphabetical,  according  to  authors*  names,-— 
and,  lastly,  a  third,  classified  according  to  subjects.  The  superintendence  of 
this  work  has  been  undertaken  by  the  ofiUcers  of  the  Royal  Society,  assisted 
by  a  Select  Committee  of  the  Fellows. 

4.  The  Council  have  added  to  the  list  of  Corresponding  Members  of  the 
Association  the  names  of  the  following  foreign  gentlemen,  who  were  present 
at  the  Dublin  Meeting,  and  made  communications  to  the  Sections,  viz. : — 

Dr.  Barth.  Viscenza  Pisani,  Florence. 

Professor  Bolzani,  Kazan.  Gustavo  Plaar,  Strasburg. 

Antoine  d'Abbadie,  Paris,  Herman  Schlagintweit,  JSerlin* 

Professor  Loomis,  New  York.  Robert  Schlagintweit,  Berlin. 

5.  The  General  Secretary  has  informed  the  Council  that  he  communicated 
to  Hb  Royal  Highness  The  Prince  Consort  the  resolution  of  the  General 
Committee  at  Dublin,  viz. : — 

**  That  application  be  made  to  His  Royal  Highness  The  Prince  Consort  for 
permission  to  elect  him  President  of  the  British  Association  for  the  year  1 859/* 
and  that  he  had  received  in  reply  the  following  letter : — 

*' Balmoral,  Sept.  17, 1857. 
"  Sir, — I  have  communicated  to  His  Royal  Highness  ITie  Prince  Consort 
your  letter  of  the  13th  inst,  expressing,  on  the  part  of  the  Committee  of  the 
britidh  Association,  the  wbh  that  His  Royal  Highness  would  allow  himself 
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to  be  Bominated  as  President  of  the  Meeting  which  it  is  proposed  to  hold  at 
Aberdeen  in  1859. 

*<  His  Rojal  Highness  cannot  bat  feel  gratified  at  the  wish  thus  expressed 
by  the  Committee^  though  he  is  sensible  that  his  own  proficiency  in  scientific 
sobjects  is  scarcely  such  as  to  entitle  him  to  such  a  distinction.  If,  therefore, 
he  expresses  his  readiness  to  comply  with  the  wishes  of  the  Committee,  he 
begs  that  it  may  be  considered  merely  as  an  expression  of  the  deep  interest 
which  he  takes  in  the  advancement  of  science  in  this  country,  and  as  a  mark 
of  the  high  sense  which  he  entertains  of  the  importance  and  usefulness  of  the 
Association. 

^  His  acceptance  of  the  Presidency  must  also  be  considered,  to  a  certain 
degree,  conditional — depending  upon  his  being  in  Scotland  at  the  time  pro- 
posed for  the  Meeting. 

''  His  Royal  Highness  s  time  is  not  his  own,  and  it  is  impossible  for  him, 
at  this  distance  of  time,  to  say  whether  the  call  of  other  duties  may  not  be 
such  as  to  prevent  his  attendance. 

*'  I  have  the  honour  to  be,  Sir, 

"  Your  most  obedient  Servant, 

"  C.  Grey." 
«  To  Mc^r-General  Sabine:* 

6.  The  Report  of  the  Parliamentary  Committee  of  the  British  Association 
for  the  Advancement  of  Science  has  been  received  by  the  Council,  and  is 
herewith  presented. 

Repcrt  qfthe  Kew  Committee  of  the  British  Association  far  the 
Advancement  of  Science,  for  1857-58. 

Since  the  last  Meeting  of  the  Association,  a  set  of  Magnetical  Instruments 
have  been  prepared,  at  the  request  of  the  Council  of  the  Royal  Society,  and 
the  constants  determined  for  the  Expedition  of  Dr.  Livingstone  to  South 
Africa.  Capt.  Bedingfield,  R.N.  and  Messrs.  Livingstone  and  Baines,  who 
accompany  Dr.  Livingstone  in  this  Expedition,  received  instructions  at  the 
Observatory  in  the  use  of  the  instruments. 

At  the  request  of  Capt  Washington,  R.N.,  Hydrographer  of  the  Admiralty, 
similar  instruments  were  prepared  for  the  Oregon  Boundary  Commission, 
and  instructions  in  their  use  were  given  at  the  Observatory  to  Capt.  Haig, 
R^.,  and  Lieut  Darrah,  R.E. 

Detailed  written  instructions  for  both  Expeditions,  supplementary  to  those 
contained  in  the  Admiralty  Manual,  were  furnished  by  Mr.  WeUh.  Such 
instructions  necessarily  occupied  the  time  and  attention  of  Mr.  Welsh  and 
his  assistants ;  but  as,  in  the  opinion  of  the  Committee,  instructions  for  the 
correctly  manipulating  with  instruments  with  which  gentlemen  appointed  to 
a  particular  service  are  not  often  previously  acquainted,  is  an  essential  fea- 
ture in  the  practical  working  of  a  physical  observatory,  the  Committee  have 
considered  it  desirable  tliat  such  assistance  should  be  afforded  ;  and  it  will 
be  in  the  recollection  of  the  Council  that,  in  their  last  Report,  the  Committee 
stated  that  several  gentlemen,  some  of  whom  were  connected  with  foreign 
Governments,  had  received  similar  instruction. 

An  application  having  been  received  from  M.  Secchi  of  the  Collegio  Ro- 
mano, on  the  part  of  the  Roman  Government,  for  Magnetical  Instruments, 
these  instruments  have  been  prepared  at  the  Observatory  and  forwarded  to 
Rome.    They  consist  of  an  Observatory  Bifilar  Magnetometer  and  Balance 
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Magnetometer^  similar  to  those  employed  in  the  British  Colonial  Obserrafto- 
riea,  a  Unifilar  Magnetometer,  and  a  Dip  Circle. 

Application  has  also  been  received  from  the  Rev.  Alfred  Weld  for  Mag- 
netics and  Electrical  apparatus  for  the  Stonyhurst  College ;  these  are  in 
course  of  preparation,  and  Mr.  Weld  has  received  instructions  in  the  nse  of 
the  magneticiJ  instruments. 

Two  Dip  Circles  by  Barrow^  furnished  with  Dr.  Lloyd's  apparatus  for  the 
total  force,  which  were  sent  to  the  Observatory  preparatory  to  their  being 
forwarded  to  the  Austrian  and  Russian  Governments,  were  carefully  examined 
and  adjusted. 

An  extensive  series  of  observations  made  with  various  dipping-needles  and 
circles,  have  confirmed  the  results  previously  obtained  at  the  Observatory  as 
to  the  value  of  the  Magnetic  dip. 

The  Self-recording  Magnetometers  have  been  in  regular  action  since  the 
1st  of  January,  and  have  performed  satisfactorily )  some  difficulty  arose  in 
the  manipulation  of  the  Bidance-magnet,  but  this  has  been  surmounted,  and 
this  instrument  now  performs  with  as  much  accuracy  and  delicacy  in  its 
action  as  either  the  Declinometer  or  Bifilar  Magnet 

The  Photoheliograph  erected  in  the  dome  of  the  Observatory  was  fully 
described  in  the  last  Annual  Report;  it  has  been  repeatedly  at  work  since  the 
beginning  of  last  March,  and  excellent  photographic  pictures  of  the  solar 
spots  and  faculse%rere  obtained.  Certain  alterations  have  been  made  by 
Mr.  Welsh  in  order  to  regulate  the  time  of  exposure  of  the  collodion  plate 
to  the  sun's  action ;  with  these  alterations  the  instrument  gives  very  good 
results,  but  certain  improvements  in  the  arrangements  of  the  secondary  mag- 
nifying lens  are  under  consideration,  with  the  view  of  avoiding  the  depicdon 
on  the  collodion  negative  of  the  inequalities  in  the  glasses  which  compose  it 

The  Committee  recommend  that  arrangements  should  be  made  for  the 
appointment  of  a  competent  Assistant,  who  will  undertake  the  taking  of  the 
photographs  and  the  preparing  of  a  certain  number  of  copies  for  disSbution 
to  some  of  the  principal  British  and  Foreign  observatories. 

George  Whipple  has  been  engaged  to  assist  in  the  general  work  of  the 
Observatory  at  a  weekly  pay  of  ten  shillings. 

Mr.Beekley's  arrangement  of  the  Anemometer  described  at  the  CheHenhaof 
Meeting  of  the  Association  has  been  adopted  and  carried  out  in  an  apparatus 
made  by  Mr.  Adie  for  the  East  India  Company.  This  anemometer  having 
been  mounted  at  the  Observatory,  remained  for  some  time,  and  was  found  lo 
perform  satisfactorily ;  it  was  shown  to  many  persons,  and  examined  by 
Admiral  FitzRoy,  General  Sabine,  and  Mr.  Osier,  members  of  the  Anemo- 
meter Committee.  Certain  modifications  since  suggested  by  Mr.  Beckley, 
have  been  adopted  in  two  instruments  constructed  by  Mr.  Adie  for  Adnriral 
FitzRoy's  department  in  the  Board  of  Trade. 

The  verification  of  Meteorological  Instruments  has  been  continued  on  the 
same  plan  as  in  previous  years.  The  following  have  been  verified  since  the 
last  meeting  of  the  Association  to  the  1st  of  July : — 

Bard-  Thermo-    Hydro- 

neters.  meters,     meters. 

For  the  Admiralty 75 

For  the  Board  of  Trade 60  126 

For  Opticians  and  others 86  142         150 

Total  22]         268         150 

Among  the  hitter  are  indiided  50  barometers  SEnd  150  hydn^ineteni  ftr 
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the  United  States,  and  6  barometers  and  6  thermometers  for  the  Portuguese 
GoTemmenL 

Mr.  Welsh  is  at  present  completing  (he  Magnetic  Survey  of  Scotland,  for 
the  expense  of  which  £200  has  been  received  by  the  Committee  from  the 
Admiralty. 

The  Committee  finding  it  desirable  that  the  workshop  of  the  Observatory 
should  be  famished  with  a  superior  lathe  and  planing  machine,  authorized 
their  Chairman  to  apply  to  the  Council  of  the  Royal  Society  for  the  sum  of 
£150 ;  this  amount  was  immediately  awarded  from  the  Donation  Fund,  and 
a  very  superior  lathe,  by  Whitworth,  and  a  planing  machine  have  been  pur- 
chased at  a  cost  of  £149  ?«• 

The  present  as  well  as  the  former  Annual  Reports  of  the  Committee,  show 
the  practical  scientific  objects  for  which  the  Observatory  has  for  so  many 
years  been  used,  and  at  no  former  period  was  it  in  so  effective  a  state  as  at 
present ;  the  valuable  tools  that  have  (by  the  liberality  of  the  Royal  Society) 
been  placed  in  the  workshop,  enable  Mr.  Beckley  to  repair  and  make  appa- 
ratus and  ihsiruments  of  the  most  complex  and  delicate  construction ;  much 
of  this  work  would  otherwise  have  been  sent  to  different  workshops  in  the 
Metropcte;  entailing  not  only  great  loss  of  time,  but  often  a  want  of  accu- 
racy in  the  construction :  the  value  of  such  arrangements  in  the  Observatory 
can  be  easily  appreciated  by  scientific  observers. 

On  ihe  ^th  of  last  April,  the  Committee  presented  an  estimate  of  the 
expenditure  for  the  present  year,  a  copy  of  which  had  been  previously  for- 
warded by  the  Chairman  to  the  President,  whose  reply,  addressed  to  General 
Sabine,  the  Committee  now  present  as  a  part  of  their  Annual  Report. 

"  Trinity  College,  DubKn,  December  7, 1857. 

"Dbar  Sabine, — I  have  received  from  Mr.  Gassiot  the  Financial  Report 
of  the  Kew  Committee,  which  I  hope  may  soon  be  laid  before  the  Council. 
I<  appears  firom  it  that  the  expenditure  of  the  Observatory  is  likely  to  increase 
with  the  increased  activity  of  the  establishment,  while  part  of  the  income — 
thai,  namely,  derived  from  the  verification  of  meteorological  instruments — 
will  probably  diminish  in  future  years. 

"  I  am  not  sufficiently  acquainted  with  the  working  of  the  Observatory  to 
say,  from  my  own  knowledge,  how  far  an  augmentation  of  the  existing  staff 
18  necessary.  But  if  the  Council  should  judge  that  it  is — as  stated  in  the 
Report  of  the  Committee — they  will  have  to  consider  from  what  external 
source  provision  may  be  made  for  the  increased  expenditure ;  for  I  presume 
that  it  will  not  be  thought  prudent,  that  the  Association,  with  its  fiuctuating 
and  uncertain  income,  should  augment  its  grant  beyond  the  present  amount* 

**  Upon  this  point  I  may  remark,  that  the  President  and  Council  of  (he 
Royal  Society  have  already  evinced  their  sense  of  the  value  of  the  Observatory, 
by  making  a  liberal  grant  to  it  for  a  special  object ;  and  that  it  is  therefore  not 
improbalne  that  they  may  be  willing  to  contribute  permaTienify  to  its  support. 
Its  objects  are  at  least  as  clearly  allied  to  those  of  the  Royal  Society,  as  to  those 
of  the  British  Association;  and  if  it  should  be  deemed  that  those  objects 
have  been  in  great  measure  attained,  and  that  the  establishment  has  proved 
itself  deserving  of  permanent  maintenance,  it  would  seem  expedient  to  place 
it  on  a  more  Med  basis  than  the  present. 

"  I  win  only  add,  that  believing,  as  I  do,  that  the  Observatory  has  already 
done  much,  and  is  capable  of  doing  more,  for  the  advancement  of  physical 
science,  I  should  deplore  the  restriction  of  its  efficiency,  by  insufficient  pecu- 
mary  means,  as  a  loss  to  science. 

"  Believe  me,  sincerely  yours, 

«  To  Gmierol  Sabine,  RJi^  ^rc"  **  H.  Lloyd.;!  ^i^ 
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The  following  is  a  Statement  showing  the  expense  of  the  last  two  years  ; 
an  additional  Assistant  is  now  indispensable  as  a  Photographer ;  and  as  tbe 
work  of  the  Observatory  increases,  and  its  capabilities  for  the  purposes  of 
science  become  further  developed,  the  probable  future  expenditure  canuot 
be  fairly  estimated  at  less  than  £800  per  annum. 

Statement. 

1857.  1858. 

£      s.  d.  £      s.  d. 

Salaries 397     5  0  ....  471     8  0 

Apparatus: — 

Materials,  Tools,  Ac 28  10  7  . . . .  59    6  4 

Ironmonger,  &c 66    9  4  ....  19  13  5 

Stationery,  &c 24     9  8  20  11  0 

CoalsandGas 19    0  2  ....  47  10  8 

House  Expenses 17  10  4  20  11  8 

Porterage  and  Petty  Expenses  . .       5  19  3  6  12  4 

Rent  of  Land 21     0  0  21     0  0 


£580    4    4    ....     676  18    5 

The  above  is  the  actual  expenditure,  but  the  real  annual  increase  in  salaries 
is  about  £61 :  the  difference  in  the  above  statement  arises  from  the  termination 
of  the  financial  year  being  one  month  later  than  last  year.  In  the  detailed 
statement  of  receipts  and  expenditure,  it  will  be  observed  that  the  amount 
received  for  verification  of  meteorological  instruments  has  decreased,  arising 
from  the  circumstance  that  the  Meteorological  department  of  the  Govern- 
ment is  now  well  provided  with  a  store  of  instruments  for  its  use. 

As  the  financial  position  of  the  Observatory  will  probably  be  brought 
forward  by  the  Council  at  the  General  Meeting  of  the  Association  at  Leeds, 
the  Committee  suggest  that  the  time  has  now  arrived  when  strenuous  efforts 
should  be  made  to  obtain  such  an  amount  of  pecuniary  aid  as  would  ensure 
the  permanent  efficient  working  of  this  practical  physical  Observatory ;  for 
although  the  establishment  is  conducted  with  the  strictest  economy,  tbe 
necessary  work  connected  with  the  Observatory  unavoidably  creates  a  cor- 
responding increase  in  the  amount  of  the  annual  expenditure. 

John  P.  Gassiot,  Chairman. 
Kew  Observatory, 

10th  September,  1858. 

Report  of  the  Parliamentary  Committee  to  the  Meeting  of  the  British 
Association  at  Leeds,  in  September  1858. 

The  Parliamentary  Committee  have  the  honour  to  report  as  follows : — 
That  on  their  representation  the  late  President  of  the  Board  of  Trade  had 
so  far  acceded  to  the  suggestions  of  the  President  and  Council  of  the  Royal 
Societv,  supported  by  the  British  Association,  as  to  consent  to  the  construc- 
tion of  one  Anemometer  with  Dr.  Robinson's  Revolving  Cups,  which  would 
be  erected  at  Bermuda.  We  believe,  however,  that  another  instrument  of 
the  same  description  will  be  erected  at  Halifax,  at  the  cost  of  the  Board  of 
Admiralty.  These  Anemometers  are  to  be  constructed  on  a  principle  devised 
by  Mr.  Welsh  of  the  Kew  Observatory,  and  they  will  cost  about  £50  each. 

We  are  happy  to  be  enabled  to  add,  that  the  late  President  of  the  Board  of 
Trade,  on  a  representation  made  to  him  by  us  of  the  insufficiency  of  the 
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accommodations  and  Staff  at  the  Meteorological  Department  of  the  Board 
of  Trade,  consented  to  the  appointment  of  two  additional  clerks  and  of  a 
working  optician,  to  be  permanently  attached  to  that  Department ;  and,  more- 
over, supplied  more  enlarged  accommodations;  so  that,  upon  the  whole, 
Admiral  FitzRoy,  who  so  ably  presides  over  this  Meteorological  Depart- 
ment, expresses  himself  as  satisfied  with  the  present  arrangements,  and  hope- 
ful as  to  the  future  success  of  an  institution  which  cannot  fail  to  be  pro- 
ductive of  vast  benefit  to  science. 

We  regret  extremely  that  the  application  to  the  Government  "to  send  the 
Expedition  to  the  Mackenzie  River  was  unsuccessful ;  but  we  anticipate  an 
important  accession  to  our  scientific  knowledge  from  the  Expedition  to  the 
Zambesi  River,  which  was  sanctioned,  and  sent  out  under  the  able  conduct 
of  the  enterprising  and  distinguished  Livingstone,  for  this  Expedition  was 
well  supplied  with  the  necessary  instruments  properly  tested  at  Kew,  and 
comprises  those  who  are  fully  competent  to  use  them. 

We  have  been  again  in  correspondence  with  Mr.  Patterson,  of  Belfast,  in 
reference  to  the  cost  of  appointments  of  new  Trustees  to  Museums  and 
other  Scientific  Institutions.  It  appears  that  a  clause  in  the  Literary  and 
Scientific  Societies*  Act,  extends  the  facilities  given  by  the  13  and  14  Vict, 
c.  28,  or  the  Religious  Societies*  Act,  to  Scientific  Societies;  but  that 
the  clause  giving  such  facilities  applies  to  real  estate  only.  There  may  be 
some  technical  difiiculties  in  the  way  of  including  personalty,  but  the  subject 
will  not  be  lost  sight  of. 

The  appointment  of  the  Right  Hon.  Joseph  Napier  to  the  office  of  Lord 
Chancellor  of  Ireland,  has  unhappily  caused  another  vacancy  in  our  body. 
There  are  now  therefore  two  vacancies,  one  of  which  we  recommend  should 
be  supplied  by  the  election  of  the  Right  Hon.  Sir  John  Pakington,  M.P.  for 
Droitwich. 

A  Memorial  having  been  presented  to  the  Government  on  the  subject  of 
the  proposed  severance  from  the  British  Museum  of  its  Natural  History  Col- 
lections, signed  by  114  persons  comprising  the  most  eminent  promoters  and 
cultivators  of  science,  the  same  was  moved  for  in  the  House  of  Commons  by 
Sir  Philip  Grey  Egerton  and  produced.  We  know  of  no  measure  which 
might  be  adopted  by  the  Government  or  Legislature,  which  ifrould  inflict  a 
deeper  injury  on  science,  than  the  removal  of  these  Collections,  if  unhappily 
carried  into  effect. 

We  remain  of  the  same  opinion  which  we  expressed  in  our  last  Report, 
that  no  convenient  opportunity  has  -yet  occurred  to  submit  to  the  consider- 
ation of  the  Legislature  the  twelve  Resolutions  of  the  Council  of  the  koyal 
Society ;  but  we  consider  that  it  is  difficult  to  over-estimate  the  importance 
of  having  ascertained  and  embodied  in  these  Resolutions  the  opinions  of  the 
most  distinguished  living  cultivators  of  science  on  its  desiderata.  They  con- 
stitute a  perpetual  record  to  which  reference  may  always  be  made  by  any 
Member  of  the  Government  or  Legislature,  who  is  sincerely  desirous  to  pro- 
mote all  such  measures  as  tend  to  encourage  scientific  research,  and  by  so 
doing  to  advance  the  most  important  interests  of  his  country. 

Wrotteslby,  Chairman* 

September  13, 1858. 
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Recommcndationb  adopted  by  the  General  Committee  at  the 
Leeds  Meeting  in  September  1858. 

[When  ConuDittoM  are  appcdntad,  the  lf«mb«r  int  named  it  regardad  as  the  SeoreUnr  of 
the  Gomimtt^  iBxec^t  tbvra  be  t  UMoiilci  npmuMitio*.] 

That  the  Plirliamcntarj  Compiutite,  now  oonsiatiDg  of 


The  Lord  Wrottesley 
TheE^u^of  RQ9$e 
The  Duke  of  Argyll 
Jke  Pu^  orlieTon^liire 

The  Earl  or  Harrowby 


Sir  Philip  EgertOD,  BarU 
l^igli^  Hon.  J,  Nupier 
Lor^  S^nley 

f.  J.  Cooper,  ^Isq. 
iscouQt  Gode^ica 
Sir  John  Pakington,  BeMrt., 


have  authority  to  expend  a  sum  not  exceeding  £§0  ia  ptomoting  an  Act  of 
Parliament  to  faeilitate  the  appointment  of  New  Trustees  of  the  Property 
of  Scientific  Institutions. 

That  the  sum  of  £500  be  placed  at  the  disposal  of  the  Council  for  main- 
taining the  Establishment  at  Kew  Observatory. 

That  a  sum  of  £200  be  placed  at  the  disposal  of  Professor  Wilson  of  the 
Melbourne  University,  in  aid  of  his  proposed  scheme  for  establishing  a  Re- 
flecting Telescope,  with  a  speculum  of  4  feet  diameter,  for  the  Observation 
of  the  Southern  Nebulas ;  on  the  understanding  that  the  Local  Government 
of  Melbourne,  Victoria,  and  other  sources,  will  defray  all  the  remaining  cost 
of  carrying  the  proposal  into  effect 

That  Colonel  Sy kes,  Lord  Wrottesley,  Professor  Faraday,  Professor  A^eat- 
stone.  Dr.  Lee,  and  Professor  TyndalC  be  appointed  a  Committee  to  confer 
with  the  Kew  Committee  as  to  the  expediency  of  arranging  further  Balloon 
Aaoents,  and  (if  it  should  be  judged  expedient)  to  carry  Uiem  into  effect; 
and  that  a  sum  of  £200  be  placed  at  their  disposal,  if  it  should  be  required 
for  this  purpose. 

That  a  Committee,  consisting  of  Professor  Maskelyne,  Mr.  Hardwich, 
Mr.  Llewellyn,  and  Mr.  Hadow,  be  requested  to  continue  their  Researches 
on  the  Chemical  Nature  of  the  Image  formed  in  Photographic  Processea; 
and  that  the  sum  of  £10  be  placed  at  their  disposed  for  the  purpose. 

That  Professor  Voelcker  be  requested  to  continue  his  Field  Experiments 
and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to 
Cultivated  Crops ;  and  that  the  sum  of  £25  be  placed  at  his  disposal  for  the 
poroose. 

That  Professor  Sullivan  be  requested  to  furnish  a  Report  on  the  Sokibi- 
fitj  of  Salts  at  Temperatures  above  that  of  Boiling  Water,  and  on  the  mutual 
Action  of  Salts  in  Solution ;  and  that  the  sum  of  £30  be  placed  at  his  dis- 
posal for  the  purpose. 

That  Mr.  Alphonse  Grages  be  reauested  to  continue  his  Experiments  oa 
the  Chemico-Nkchanical  Analysis  of  Minerals;  and  that  the  sum  of  £10  be 
placed  at  his  disposal  for  the  purpose. 

That  a  Committee,  consisting  of  Sir  R.  I.  Murchison,  Mr.  Page,  and  Pro* 
fessor  A.  C.  Ramsay,  be  requested  to  direct  Mr.  Robert  Slimmon  to  pursue 
his  Researches  in  I>eveloping  the  Fossil  Contents  of  the  Upper  Silurian 
Rocks  off  Lanarkshire ;  and  tfadit  the  sum  of  £20  be  placed  at  their  disposal 
Ibr  the  purpose. 

[The  speciBEiens  collected  to  be  given  in  the  first  place  to  the  PuUio 
MoKum  in  Ecfinburgh ;  the  duplicates  to  be  then  presented  to  the  PuUic 
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Museum  in  Jermyn  Street,  London,  and  to  the  Public  Museum  in  Dublin, 
in  connexion  with  the  Geological  Survey  of  the  United  Kingdom.] 

That  Mr.  Robert  Mallet  be  requested  to  continue  his  Experiments  on 
Earthquake  Waves  at  Holyhead ;  and  that  the  balance  of  last  year's  grant 
of  £50  (being  a  sum  of  £25)  be  placed  at  his  disposal  for  the  purpose. 

That  Mr.  Hopkins,  Mr.  Sorby,  Professor  A.  C.  Ramsay,  and  Mr.  Robert 
Mallet,  be  requested  to  conduct  a  series  of  Experiments  on  the  Expansion 
and  Contraction  of  various  Rocks  by  changes  of  temperature  in  relation  to 
Physical  Geology ;  and  that  the  sum  of  £50  be  placed  at  their  disposal  for 
the  purpose. 

That  a  Committee,  consisting  of  Mr.  Robert  Patterson,  Professor  Dickie* 
Professor  Wyville  Thomson,  Mr.  G.  C.  Hyndman,  and  Mr.  E.  Weller,  be 
requested  to  finish  their  Report  on  Dredging  in  the  North  and  North-east 
Coasts  of  Ireland ;  and  that  the  sum  of  £20  be  placed  at  their  disposal  for 
the  purpose. 

That  Dr.  Kinahan,  Dr.  Carte,  Professor  J.  R.  Greene,  and  Dr.  E.  P. 
Wright,  be  requested  to  continue  their  Report  on  "  Dublin  Bay  Dredging  ;** 
and  that  the  sum  of  £15  be  placed  at  their  disposal  for  the  purpose. 

That  Professor  J.  R.  Greene  and  Dr.  E.  P.  Wright  be  requested  to  finish 
Professor  Greene's  Report  on  British  Discoid  Medusidse ;  and  that  the  sum 
of  £5  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  E.  P.  Wright  and  Professor  J.  R.  Greene  be  requested  to  draw 
up  a  Report  on  the  Irish  Tunicata ;  and  that  the  sum  of  £5  be  placed  at 
their  disposal  for  the  purpose. 

That  Dr.  E.  P.  Wright,  Professor  J.  R.  Greene,  Dr.  Kinahan,  and  Dr, 
Carte,  be  requested  to  draw  up  the  second  part  of  their  Report  on  the  Marine 
Fauna  of  the  South  and  West  Coasts  of  Ireland ;  and  that  the  sum  of  £10 
be  placed  at  their  disposal  for  the  purpose. 

That  a  Conmiittee,  consisting  of  Thomas  Allis,  Sir  W.  Jardine,  Bart., 
and  Mr.  T.  C.  Eyton,  be  requested  to  investigate  the  Osteology  and  Com- 
parative Anatomy  of  Birds;  and  that  the  sum  of  £50  be  placed  at  their 
disposal  for  the  purpose. 

That  a  Committee,  consisting  of  Mr.  R.  M* Andrew  (London),  Mr.  G.  C. 
Hyndman  (Belfast),  Dr.  Dickie  (Belfast),  Mr.  C.  L.  Stewart  (London), 
Dr.  Collingwood  (Liverpool),  Dr.  Kinahan  (Dublin),  Mr.  J.  G.  Jeflfreys 

a.oiidon),  Dr.  £.  P.  Wright  (Dublin),  Mr.  L.  Barrett  (Cambridge),  and 
r.  L.  Worthy  (Bristol),  be  requested  to  act  as  a  General  Dredging 
Committee ;  and  that  the  sum  of  £5  be  placed  at  their  disposal  for  the 
purpose. 

That  a  Committee,  consisting  of  Dr.  Daubeny  and.Dr.  Lankester,  be  re- 
quested to  assbt  Dr.  Voelcker  and  Professor  Buckman  in  their  Researclies 
on  the  Growth  of  Plants;  and  that  the  sum  of  £10  be  placed  at  their  dis- 
posal for  the  purpose. 

That  Professor  J.  Thomson  be  requested  to  continue  his  Experiments  on 
the  Measurements  of  the  Discharge  of  Water  through  V-shaped  Orifices ; 
and  that  the  sum  of  £10  be  placed  at  his  disposal  for  the  purpose. 

That  the  attention  of  Proprietors  of  Steam-vessels  be  called  to  the  great 
importance  of  adopting  a  general  and  uniform  system  of  recording  facts  of 
performances  of  steam- vessels  at  sea  under  all  circumstances,  and  tliat  the 
following  Noblemen  and  Gentlemen  be  requested  to  act  as  a  Committee  to 
carry  this  object  into  effect,  with  £15  at  their  disposal  for  the  purpose,  and 
to  report  to  the  Association  at  its  next  Meeting : — Admiral  Moorsom ;  the 
Marquis  of  Stafibrd,  M.P. ;  the  Earl  of  Caithness ;  Lord  Dufierin ;  Sir  James 
Graham,  M.P.;  William  Fairbaim,  F.R.S.;  J.  S.  Russell,  F.R.S.;  J.  Kitson, 
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CE. ;  W.  Smith,  C.E. ;  J.  E.  M'CoDnell,  C.E. ;  C.  Atherton,  C.E. ;  Professor 
Sankine,  LL.D.;  J.  11.  Napier,  C.E.;  Henry  Wright  (Secretary). 

Involving  Applications  to  Government  or  Public  Institutions. 

Resolved, — That  application  be  made  to  the  Sardinian  Authorities  for 
obtaining  additional  facilities  to  scientific  men  for  pursuing  their  researches 
on  the  summits  of  the  Alps. 

That  the  Right  Hon.  M.  T.  Baines,  M.P.,  Viscount  Goderich,  M.P., 
Mr.  Wm.  Fairbaim,  Mr.  James  Hey  wood,  General  Sabine,  and  Mr.  T.  Web- 
ster, be  appointed  a  Committee  for  the  purpose  of  taking  such  steps  as  may 
be  necessary  to  render  the  Patent  System  of  this  country,  and  the  funds 
derived  from  inventors,  more  efficient  and  available  for  the  reward  of  men- 
lorious  inventors  and  the  advancement  of  Science. 

That  a  Committee,  consisting  of  Mr.  W.  Hopkins,  Mr.  R.  Mallet,  and 
General  Portlock,  be  requested  to  represent  to  the  Meteorological  Depart- 
ment of  the  Board  of  Trade  the  desirableness  of  connecting  with  its  arrange- 
ments a  system  for  the  observation  and  record  of  Oceanic  and  Littoral 
Earthquakes  and  of  the  occasional  occurrence  upon  the  coasts  of  Great  Sea 
Waves,  and,  if  practicable,  of  bringing  such  into  immediate  operation. 

That  it  is  highly  desiraUe  that  a  series  of  Magnetical  and  Meteoro- 
logical Observations  on  the  same  plan  as  those  which  have  been  already 
carried  on  in  the  Colonial  Observatories  for  that  purpose  under  the  direction 
of  Her  Majesty's  Board  of  Ordnance,  be  obtained,  to  extend  over  a  period  of 
not  more  than  five  years,  at  the  following  stations : — 

1.  Vancouver  Island. 

2.  Newfoundland. 

S.  The  Falkland  Isles. 

4.  Pekin,  or  some  near  adjacent  station. 

That  an  application  be  made  to  Her  Majesty's  Government  to  obtain 
the  establbhment  of  Observatories  at  these  stations  for  the  above-mentioned 
term,  on  a  personal  and  material  footing,  and  under  the  same  superin- 
tendence as  in  the  Observatories  (now  discontinued)  at  Toronto,  St  Helena, 
and  Van  Diemen's  Land. 

That  the  observations  at  the  Observatories  now  recommended,  should  be 
comparable  with,  and  in  continuation  of,  those  made  at  the  last-named  Ob- 
servatories, including  four  days  of  term  observations  annually. 

That  provision  be  also  requested  at  the  hands  of  Her  Majesty's  Govern- 
ment for  the  execution  within  the  period  embraced  by  the  observations  of 
magnetic  surveys  in  the  districts  immediately  adjacent  to  those  stations, 
viz.  of  the  whole  of  Vancouver  Island  and  the  shores  of  the  Strait  sepa- 
rating it  from  the  main  land, — of  the  Falkland  Isles, — and  of  the  immediate 
neighbourhood  of  the  Chinese  Observatory  (if  practicable),  wherever 
situated, — on  the  plan  of  the  surveys  already  executed  in  the  British  posses- 
sions in  North  America  and  in  the  Indian  Archipelago. 

That  a  sum  of  £S50  per  annum,  during  the  continuance  of  the  ob- 
servations, be  recommended  to  be  placed  by  Government  at  the  disposal  of 
the  General  Superintendent,  for  the  purpose  of  procuring  a  special  and 
scientific  verification  and  exact  correspondence  of  the  magnetical  and  me- 
teorological instruments,  both  of  those  which  shall  be  furnished  to  the 
several  Observatories,  and  of  those  which,  during  the  continuance  of  the 
observations  for  the  period  in  question,  shall  be  brought  into  comparison 
with  them,  either  at  Foreign  or  Colonial  Stations. 
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That  the  printing  of  the  Observations  in  exten90  be  discontinued^  but 
that  provision  be  made  for  their  printing  in  abstract,  with  discussion,  but  that 
the  Term  Observations,  and  those  to  be  made  on  the  occurrence  of  Magnetic 
Storms,  be  still  printed  in  extenso  ;  and  that  the  registry  of  the  observations 
be  made  in  triplicate,  one  copy  to  be  preserved  in  the  office  of  the  General 
Superintendent,  one  to  be  presented  to  the  Royal  Society,  and  one  to  the 
Royal  Observatory  at  Greenwich,  for  conservation  and  future  reference. 

That  measures  be  adopted  for  taking  advantage  of  whatever  disposition 
may  exist  on  the  part  of  our  Colonial  Governments  to  establish  Observa- 
tories of  the  same  kind,  or  otherwise  to  cooperate  with  the  proposed  system 
of  observation. 

That  in  placing  these  Resolutions  and  the  Report  of  the  Committee 
before  the  President  and  Council  of  the  Royal  Society,  the  continued  co- 
operation of  that  Society  be  requested  in  whatever  ulterior  measures  may  be 
f^ouisite. 

Thiit  fbe  President  of  th?  British  A^ciatio^  be  requefite^  to  apt  v^ 
C9|yu9CtklP  Witl^  the  Pr^^icient  of  th^  f^Qyf^  Sqci^tF'  and  vUh  the  Meq^der^ 
pf  tl^fi  t^Q  CoTOflfiittees,  iq  »uy  ^t^p^  wj^ich  appear  fl^e^a^ry  fo?  the  apcona- 
)4^hni^f)^  of  th^  Ql^eqts  <^We  ^te^. 

Thai  ^^  wrjy  ^omwHwicatiQH  h^  «w4e  ^f  t^is  pfq^e^nre  tq  ^is  ^9^ 
HwrtPW  <h^  PriDQ^  Cftftsort,  th«  Pre»idefjt  el^t  Qt  th^  pr^|isfe  i\^09ialion 
(or  It^e  ending  ;^r, 

f|iques^4  tQ  rtfi  ig[ipQi^^ift^  of  ^vtborizij^g  f^rti^er  ^e^^Vchej^  Oft  ^9 
depth,  temperature,  and  ^pwifift  gr*Y»ty  0^  the  S^a,  wq^q  €flJ<pw»lWi«  rela- 
tion to  the  communications  betw^eu  4i^tant  shcires  by  means  of  Electric 
Telegraph  Cables. 

Tl^at  Mr.  A.  Cayley,  F.R.S.,  be  requested,  in  oontinuatioq  of  his  Report 
on  the  Recent  Progress  of  Theoretical  Dynamics,  to  make  a  Report  tm  the 
History  of  certain  i^pecial  Problems  of  Dynamics. 

That  Mr.  H.  I.  S.  Smith,  M.A.,  of  Balliol  College  (Oxon),  be  requested 
tq  draw  up  a  Report  on  the  Theory  of  Numbers. 

Tfhat  Mr.  Webh  be  requested  to  draw  up  an  aeeouttt  of  the  Self- 
recording  Magnetical  Instniments  at  the  Kew  Observatory,  and  to  present 
it  to  the  next  Meeting  of  the  Association. 

That  Professor  Owen  be  requested  to  prepare  a  Report  upon  the  Crania 
of  the  Native  Tribes  of  ^he  Nepal  Hills,  in  his  possession,  forwarded  to  him 
by  Mr.  Bryan  Hodgson. 

That  Mr.  Foster  be  associated  with  Dr.  Odling  to  earry  out  a  recommenda- 
tion of  the  Dublin  Meeting  for  a  Report  on  Organic  Chemistry. 

That  Dr.  Lankester  be  requested  to  bring  under  the  notice  of  the  Kew 
Committee  his  new  Ozonometer. 

That  the  consideration  of  the  Kew  Committee  be  requested  to  the  best 
means  of  removing  the  difficulty  which  is  now  experienced  by  Oficers  pro- 
ceeding on  Government  Expeditions  and  by  other  Scientific  travellers,  in 
procuring  instruments  for  determinations  of  Geographical  Position,  of  the  most 
approved  portable  construction,  and  properly  verified.  That  the  interest  of 
Geographical  Science  would  be  materially  advanced  by  similar  measures 
beiug  taken  by  the  Kew  Committee  in  respect  to  such  Instruments,  to  those 
which  have  proved  so  beneficial  in  the  case  of  Magnetical  and  Meteorological 
Instruments. 
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Commur^icaiioHS  to  be  printed  entire  among  the  Htports. 

That  a  CommuDication  by  R.  H.  Meade  od  the  Anatomy  of  the  SpinniDg 
Organs  of  the  Araneidse  or  true  Spiders,  be  printed  in  full,  and  illustrated  in 
the  Reports  of  the  British  Association. 

That  a  Communication  by  Mr.  Eddy,  regarding  the  Lead  Mines  of  York- 
shire, be  printed  entire  among  the  Reports. 


Synapiis  of  Grants  of  Money  appropriated  to  Scientific  Objects  by  the 

General  Committee  at  the  Leeds  Meeting  in  September  IS5S,  with 

the  name  of  the  Member y  who  alone ,  or  as  the  First  of  a  Committee, 
is  entitled  to  draw  for  the  Money. 

£  s.  d. 
Parliamentary  Committee. 
The  Lord  Wrottbsley. — For  promoting  an  Act  of  Parlia- 
ment to  facilitate  the  appointment  of  New  Trustees  of  the 

property  of  Scientific  Institutions     5Q  0  0 

Eew  Observatory. 

At  the  disposal  of  the  Council  for  defraying  expenses    500  0  0 

Mathematical  and  Physical  Science. 

Wilson,  Prof.— Telescope  at  Melbourne 200  0  0 

Sykes,  Colonel.— Balloon  Ascents 200  0  0 

Chemical  Science. 

Maskblynb,  Prof. — Chemistry  of  Photc^raphy     10  0  0 

VoBLCKBR,  Prof. — On  Constituents  of  Manures 25  0  0 

Sullivan,  Prof.— Solubility  of  Salts SO  0  0 

Gagbs^  Mr.  A. — Chemico-Mechanical  Analysis  of  Minerals, ,  10  0  6 

Geology. 

MuRCHisoN,  Sir  R.  I — Fossils  in  Upper  Silurian  Rocks 20  0  0 

Mallet,  R.,  C.E.— Earthquake  Waves 25  0  0 

Hopkins,  William.— Effect  of  Temperature  on  Rocks 50  0  0 

Zoology  and  Botany. 

Patterson,  R. — Dredging  Coast  of  Ireland 20  0  0 

Rinahan,  Dr. — Dredging  in  Dublin  Bay 15  0  0 

Grbbmb,  Prof.— Report  on  British  Medusidae 5  0  0 

Wright,  Dr.  E.  P.— Report  on  Irish  Tunicata 5  0  0 

WriOht,  Dr.  E.  P. — Report  on  Marine  Fauna  of  Ireland 10  0  0 

Allis,  Thomas — Osteology  of  Birds 50  0  Q 

M* Andrew,  Robert— General  Predging   5  0  0 

Daubeny,  Prot— Growth  of  Plants    10  0  0 

Mechanical  Science. 

Thomspn,  James,  C.E. — ^Discharge  of  Water    10  0  0 

MoojisoM,  Admiral. — Performance  of  Steam  Vessels    15  0  0 

Total....  iei265  0  0 
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1834. 


Tide  Discussions 


£    8.   d. 
20     0     0 


1835. 


Tide  Discussions   C2     0     0 

British  Fossil  Ichthyology    105     0     0 

£167     0     0 


General  Statement  of  Sums  which  have  been  paid  an  Account  of  Grants  for 
Scientific  Purposes, 

£  9.  d. 

Meteorology  and    Subterranean 

Temperature 21  II  0 

Vitrification  Experiments 9  4  7 

Cast  Iron  KxperimenU 100  0  0 

Railway  Constants    28  7  8 

Land  and  Sea  LeTcl 274  1  4 

Steam-vessel;}'  Engines 100  0  0 

Stars  in  Histoire  Celeste  331  18  6 

Stars  in  Lacaille    11  0  0 

Stars  in  ll.A.S.  CaUlogue CIO  6 

Animal  Secretions •  10  10  0 

Steam-engines  in  Cornwall  50  0  0 

Atmospheric  Air 16  10 

Cast  and  Wrought  Iron 40  0  0 

Heat  on  Organic  Bodies   3  0  0 

Gases  on  Solar  Spectrum 22  0  0 

Hourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie  49  7  8 

Fossil  Reptiles  118  2  9 

Mining  Statistics 50  0  0 


1836. 

Tide  Discussions  163     0  0 

British  Fossil  Ichthyology    105     0  0 

Thermomctric  Observations,  Sec,  50     0  0 
Experiments  on  long-continued 

Heat  17     1  0 

Rain  Gauges 9  13  0 

Refraction  Experiments 15     0  0 

Lunar  Nutation 60     0  0 

Thermometers 15     6  0 

ie:434  14  0 


1837. 


Tide  Discussions   284  1  0 

Chemical  Consunts  24  13  6 

Lunar  Nutation 70  0  0 

Observations  on  Waves 100  12  0 

Tides  at  Bristol 150  0  0 

Meteorology   and    Subterranean 

Temperature 89  5  3 

Vitrification  Experiments 150  0  0 

Heart  Experiments   * 8  4  6 

Barometric  Observations  30  0  0 

Barometers    11  18  6 


ir918  14     6 


1838. 

Tide  Discussions    29  0  0 

British  Fossil  Pishes     100  0  0 

Meteorological  Observations  and 

Anemometer  (construction)  ...  100  0  0 

Cast  Iron  (Strength  oQ     60  0  0 

Animal  and  Vegetable  Substances 

(Preservation  of) 19  1  10 

Railway  Constants    41  12  10 

Bristol  Tides 50  0  0 

Growth  of  Plants  75  0  0 

Mud  in  Rivers  3  6  6 

Education  Committee    50  0  0 

Heart  Experimento  5  3  0 

Land  and  Sea  Level 267  8  7 

Subterranean  Temperature  8  6  0 

Steam-vessels 100  0  0 

Meteorological  Committee    31  9  5 

Thermometers  16  4  0 


£956  12     2 


1839. 

Fossil  Ichthyology 110     0 

Meteorological    Observations    at 

Plymouth  63  10 

Mechanism  of  Waves    144     2 

Bristol  Tides , 35  18 


d6l595  11     0 


1840. 

Bristol  Tide 100  0  0 

Subterranean  Temperature  13  13  6 

Heart  Experiments  18  19  0 

Lungs  Experiments 8  13  0 

Tide  Discussions 50  0  0 

Land  and  Sea  Level 6  II  1 

Stars  (Histoire  Celeste)    242  10  0 

Stars  (Lacaille) 4  15  0 

Stars  (Catalogue) 264  0  0 

Atmospheric  Air 15  15  0 

Water  on  Iron  10  0  0 

Heat  on  Organic  Bodies 7  0  0 

Meteorological  Observations 52  17  6 

Foreign  Scientific  Memoirs 112  1  6 

Working  Population 100  0  0 

School  Statistics 50  0  0 

Forms  of  Vessels  184  7  0 

Chemical  and  Electrical  Phseno* 

mena 40  0  0 

Meteorological   Observations    at 

Plymouth  80  0  0 

Magnetical  Observations  185  13  0 

~£r5"46~16~~4 


1841. 

Observations  on  Waves 30  0  0 

Meteorology  and    Subterranean 

Temperature 8  8  0 

Actinometers 10  0  0 

Earthquake  Shocks  17  7  0 

Acrid  Poisons 6  0  0 

Veins  and  Abforbents 300 

Mud  in  Rivers  5  0  0 

Marine  Zoology I5  12  8 

Skeleton  Maps  20  0  0 

Mountain  Barometers   6  18  0 

SUrs  (Histoire  Create) 185  0  0 
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£  «.  d. 

Sun(UcaiUe) 79  5  0 

Stmrs  (Nomenclature  of)    17  19  6 

Scan  (Cmtalogue  of) 40  0  0 

Water  OD  Iron  50  0  0 

Meteorological    Observations    at 

Inverness   20  0  0 

Meteorological  Observations  (re* 

doction  of)    25  0  0 

Fossil  Reptiles  50  0  0 

Foreign  Menhirs  62  0  0 

Railway  Sections  38  1  6 

Forms  of  Vesseb   193  12  0 

Meteorological    Observations    at 

Pljmouth  55  0  0 

Magnetkal  Observations  61  18  8 

Fislies  of  the  Old  Red  Sandstone  100  0  0 

Tides  at  Leitb   50  0  0 

Anemometer  at  Edinburgh  69  1  10 

Tatmlating  Observations   9  6  3 

Races  of  Men    5  0  0 

Radiate  Animals   2  0  0 

X1235  10  11 

1842. 

Dynamonietric  Instruments 113  11  2 

Anoplura  Britannis 52  12  0 

Tides  at  Bristol 59  8  0 

Gases  on  Light 30  14  7 

Chronometers    26  17  6 

Marine  Zoology 1  5  0 

British  Fossil  Mammalia  100  0  0 

Statistics  of  Education  20  0  0 

Marine  Steam. vessels*  Engines...     28  0  0 

Stars  (Histolre  Celeste) 59  0  0 

Start  (Brit.  Assoc.  Cat.  of)  110  0  0 

Railway  Sections   161  10  0 

British  Belemnites 50  0  0 

Fossil   Reptiles    (publication    of 

Report) 210  0  0 

Forms  of  Vessels   180  0  0 

Galvanic  Experiments  on  Rocks      5  8  6 
Meteorologi<^    Experiu.cnts    at 

Plymouth  68  0  0 

Constant  Indicator  and  Dynamo- 

metric  Instruments   90  0  0 

Force  of  Wind 10  0  0 

Light  on  Growth  of  Seeds    8  0  0 

Vital  Statistics  50  0  0 

Vegetative  Power  of  Seeds  8  1  11 

Qnestioos  on  Human  Race  7  9  0 

iei449  17  8 


1843. 

Revision  of  the  Nomenclature  of 

Stars 2     0     0 

Redoction  of  Stars,  British  Asso- 

elation  CaUlogue  25     0     0 

Anomalous  Tides,  Frith  of  Forth  120     0     0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness     77  12     8 

Meteorological    Observations   at 

Plymouth  55     0     0 

Wbcwell's  Meteorological  Aoe- 
aoiiieter  at  Plymouth  10    0    0 


£    t,   d. 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth     20     0     0 

Reduction  of  Meteorological  Ob- 
servations       30     0     0 

Meteorological   Instruments  and 

Gratuities  39     C     0 

Construction  of  Anemometer  at 

Inverness  56  12     2 

Magnetic  Co-operation 10    8    10 

Meteorological  Recorder  for  Kew 
Observatory   50     0     0 

Action  of  Gases  on  Light 18  16     1 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Fumi' 
ture  and  Sundries 133     4     7 

Experiments  by  Captive  Balloons     81     8     0 

Oxidation  ofthe  Hails  of  Railways    20     0     0 

Publication  of  Report  on  Fossil 

Reptiles 40     0     0 

Coloured   Drawings  of  Railway 

Sections 147  18     3 

Registration       of      Earthquake 

Shocks   30     0     0 

Report  on  Zoological  Nomencla- 
ture         10     0     0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester  .......••       4     4     6 

Vegetative  Power  of  Seeds   5     3     8 

Marine  Testacea  (Habits  of)    ...     10     0     0 

Marine  Zoology 10     0     0 

Marine  Zoology 2  14  11 

Preparation  of  Report  on  British 

Fossil  Mammalia  100     0     0 

Physiological  Operations  of  Me- 
dicinal Agents   20     0     0 

Vital  Statistics  36     5     8 

Additional  Experimenta  on  the 

Forms  of  Vessels  70     0     0 

Additional  Experiments  on  the 

Forms  of  Vessels  100     0    0 

Reduction  of  Experiments  on  the 

Forms  of  Vessels   100     0     0 

Morin*s  Instrument  and  Constant 

Indicator    69  14  10 

Experiments  on  the  Strength  of 

Materials 60    0    0 

£1565  10     2 

1844. 

Meteorological    Observations    at 

Kingussie  and  Inverness  12     0     0 

Completing  Observations  at  Ply- 
mouth         35     0     0 

Magnetic  and  Meteorological  Co- 
operation        25     8     4 

Publication  of  the  British  Asso- 
ciation Catalogue  of  Stars 35     0     0 

Observations  on   Tides  on    the 

East  coast  of  Scotland 100     0     0 

Revision  of  the  Nomenclature  of 
Stars  1842       2     9     6 

Maintaining  the  Establishment  in 
Kew  Observatory     117  17     8 

Instruments  for  Kew  Observatory    56    7    3 
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£ 

Influence  of  Light  dn  Plants 10 

Subterraneous   Temperature    in 

Ireland  5 

Coloured  Drawings  of  Railway 

Sections 15 

Investigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100 
Registering  the  Shocks  of  Earth- 
quakes    1842    23 

Structure  of  Fossil  Shells 20 

Radiata   and    Mollosca    of   the 

^gean  and  Red  Seas 1842  100 

Geographical     Distributions     of 

Marine  Zoology 1842       0 

Marine  Zoology  of  Devon   and 

Cornwall    10 

Marine  Zoology  of  Corfu 10 

Experiments  on  the  Vitality  of 

Seeds 9 

Experiments  on  the  Vitality  of 

Seeds 1842      8 

Exotic  Anoplura   15 

Strength  of  Materials    100 

Completing  Experiments  on  the 

Forms  of  Ships 100 

Inquiries  into  Asphyxia    10 

Investigations    on    the   Internal 

Constitution  of  Metals  50 

Constant  Indicator  and  Mbrin's 

Instrument,  1842 10 

iS981 

1845. 
Publication  of  the  British  Associa- 
tion Catalogue  of  Stars 351 

Meteorological    Observations    at 

Inverness   SO 

Magnetic  and  Meteorological  Co- 
operation      16 

Meteorological    Instruments    at 

Edinburgh 18 

Reduction  of  Anemometrical  Ob* 

servations  at  Plymouth 25 

Electrical  Experiments  at  Kew 

Observatory  43 

Maintaining  the  Establishment  in 

Kew  Observatory  149 

^or  Kreil's  Barometrograph 25 

Gases  fVom  Iron  Furnaces    50 

The  Actinograph  ^ 15 

Microscopic  Structure  of  Shells. . .  20 

Exotic  Anoplura    1843  10 

intaUty  of  Seeds 1843  3 

Vitality  of  Seeds   .«1844  7 

Marine  Zoology  of  Cornwall 10 

Physiological  Action  of  Medicines  20 
Statistics  of  Sickness  and  Mor- 

talityinYork    20 

Bartiiqutke  Shocks  1843  15 

£830 


t. 

0 

0 

0 

0 

17 

6 

0 

0 

11 
0 

10 
0 

0 

0 

10 

0 

0 
0 

0 
0 

0     3 


0     0 
0     0 


12     8 


14     6 
18  11 

16  8 
U     9 

0     0 

17  8 


0     0 
14     8 


9     9 


1846. 
British  Assodation  Catalogue  of 
Sturs  ..M.M.MM.M 1844  811  15 


£   f .  d. 

Fossil  Fishes  of  the  London  Clay  100    0  0 
Computation    of    the    Gaussian 

Constants  for  1839 50     0  0 

Maintaining  the  Establishment  at 

Kew  Observatory  146  16  t 

Strength  of  Materials 60     0  0 

Researches  in  Asphyxia.. 6  16  2 

Examination  of  Fossil  Shells 10     0  0 

Vitality  of  Seeds   1844  2  15  10 

Vitality  of  Seeds    1845  7   12  3 

Marine  Zoology  of  Cornwall 10     0  0 

Marine  Zoology  of  Britain 10     0  0 

Exotic  Anoplura    1844  25     0  0 

Expenses  attending  Anemometers  11     7  6 

Anemometers' Repairs 2     3  6 

Atmospheric  Waves 3     3  3 

Captive  Balloons  1844  8  19  3 

Varieties  of  the  Human  Race 

1844  7     6  3 
Statistics  of  Sickness  and  Mor- 
tality in  York 12    0  0 

£685  16  0 


1847. 
Computation    of    the    Gaussian 

ConstanU  for  1839    50  0 

Habits  of  Marine  Animals    10  0 

Physiological  Action  of  Medicines     20  0 

Marine  Zoology  of  Cornwall    ...     10  0 

Atmospheric  Waves 6  9 

VitaUty  of  Seeds   4  7 

Maintaining  the  Establishment  at 

Kew  Observatory 107  8 

£208  5 


1848. 
Maintaining  the  Establishment  at 

Kew  Observatory 171  15  11 

Atmospheric  Waves 3  10  9 

Vitolity  of  Seeds    9  15  9 

Completion  of  Catalogues  of  Surs  70  0  # 

On  Colouring  Matters  5  0  0 

On  Growth  of  Plants 15  0  ^ 

£275  1  a 

1849. 
Electrical  Observations  at  Kew 

Observatory  50  6  0* 

Maintaining    Establishment    at 

ditto   76  2  5 

Vitality  of  Seeds    5  8  I 

On  Growth  of  Plants 5  0  0 

Registration  of  Periodical  Ph«- 

nomena 10  0  0 

Bill  on  account  of  Anemometrical 

Observations 13  9  0 

£159  19  6. 


1850. 
Maintaining  the  Establishment  at 

Kew  Obserratory 255  18    0 

Transit  of  EtrthquakeWaTCS...    50    0    0 
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Periodical  Phenomena 15  0    0 

Meteorological    Instrument, 

Azores 25  0    0 

£345  18"^ 
1851.  ■■^■■■■^ 
Maintaining  the  Estahlishment  at 

Kew  Obterratory  (includes  part 

orgrantin  1849)  809  %    3 

ThcoiryofHeat 80  1     1 

Periodical  Phsnomena  of  Animals 

and  Plants 6  0     0 

Yitalitjr  of  Seeds   5  6    4 

Influence  of  Solar  Radiation 30  0     0 

Ethnological  Inquiries 12  0     0 

Researches  on  Annelida 10  0  "O 

£391  9  7 
aaaBasBOSBS 
1853. 
Maintainhig  the  Establishment  at 
Kew    Obtenratory    (including 

Maace  of  grant  for  1850}    ...  838  17  8 
Experiments  on  the  Conduction 

of  Heat  5  2  9 

Influence  of  Solar  Radiations  ...     20  0  0 

Geological  Map  of  Ireland    15  0  0 

Researches  on  the  British  Anne- 

Uda 10  0  0 

Vitality  of  Seeds    10  6  2 

Strength  of  Boiler  Plates  10  0  0 

£304  6  7 

1853. 

Maintaining  the  Establishment  at 
Kew  ObserYatory 165     0    0 

Encsimenta  on  the  Influence  of 
Solar  Radiadon 15     0    0 

Reteardies  on  the  British  Anne- 
lida.  ^ 10     0     0 

Dredging  on  the  ^ast  Coast  of 
Scotland 10    0    0 

Ethnological  Queries    5     0    0 

£205     0     0 

1854. 
Mdniainihg  the  Establishment  at 

Kew    Observatory    (Including 

balance  of  former  grant)  330  15     4 

Investigations  on  Flu 11     0    0 

Eftcts     of     Temperature     on 

Wrought  Iron    \^    fS     ^ 

Rcgbtrackm  of  Periodical  Phe- 

ooasena 10    0    0 

British  Annelida   10    0    0 

Vitality  of  Seeds   5     2    8 

Conduction  of  Heat 4    2     0 

£380  19     7 

1855. 
MdAtiftnfaig  th^  Estat>li8htkienf  tft 

Kew  Observatory 425     0     0 

Earthquake  Movements   10    0    0 


£  a.  d. 

Physical  Aspect  of  the  Moon 11  8  5 

Vitality  of  Seeds   10  7  11 

Map  of  the  Worid .' 15  0  0 

Ethnological  Queries    5  0  0 

Dredging  near  Belfast  4  0  0 

£480  16  4 


1856. 
Maintaining  the  Establishment  at 
Kew  Observatory  :— 

1854 i  75     0     01    ...  ^  ^ 

1855 £500     0     0/   *^*  ®  • 

Strickland's  Ornithological  Syno- 
nyms    100  0  0 

Dredging  and  Dredging  Forms...       9  13  9 

Chemical  Action  of  Light 30  0  0 

Strength  of  Iron  Plates 10  0  0 

Registration  of  Periodical  Phsino- 

mena  „ 10  0  0 

Propagation  of  Salmon 10  0  0 

£734  13  9 

1857. 

Maintaining  the  Establishment  at 

Kew  Observatory 350  0  0 

Earthquake  Wave   Experiments     40  0  0 

Dredging  near  Belfast  10  0  0 

Dredging  on  the  West  Coast  of 

Scotland 10  0  0 

Investigations  into  the  Mollusca 

of  California  10  0  0 

Experiments  on  Flax    •      5  C(  0 

Natural  History  of  Madagascar.  •    80  0  Q 

Researches  on  British  Annelida    25  0  0 

Report  on  Natural  Products  im- 
ported into  Liverpool 10  0  0 

Artificial  Propagation  of  Salmon     10  0  0 

Temperature  of  Mines 7  8  6 

Thermometers  for  Subterranean 

Observations 5  7  4 

Life-Boats I  <  fl 

£507  15  4 


1858. 
Maintaining  the  Establishment  at 

Kew  Observatory  5(i^     0  0 

Earthquake  Wave  Experiments^  35    0  0 
Dredging  on  the  West  Coast  of 

Scotland     10    0  0 

Dredging  near  Dublin  5     0  0 

Vitality  of  Seeds    ^50 

Dredging  near  Belfast  18  tS  i 

Report  on  the  British  Annelida...  85     0  0 
Experiments  on   the  production 

of  Heat  by  Motidta  in  Fluids...  20     0  0 
Report  on  the  Natural  Products 

imported  into  Scotland 10    0  0 

£618  18  8 
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ExtrcuUsfrom  Resolutions  ofihe  Oeneral  Committee, 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  par- 
poses  have  been  entrusted,  are  required  to  present  to  each  following  meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended,  and  the  balance  which  re- 
mains disposable  on  each  grant 

Grants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  Asso- 
ciation expire  at  the  ensuing  meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by^the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call 
on  the  Treasurer,  John  Taylor,  Esq.,  6  Queen  Street  Place,  Upper  Thames 
Street,  London,  for  such  portion  of  the  sum  granted  as  may  from  time  to 
time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  Members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 


General  Meetings* 

On  Wednesday,  Sept.  22,  at  8^  p.m.,  in  the  Town  Hall,  The  Rev.  Humphrey 
Lloyd,  D.D.,  D.C.L.,  F.R.S.L.&E.,  V.P.R.I.A.,  resigned  the  office  of  Presi- 
dent to  Richard  Owen,  M.D.,  D.C.L.,  F.R.S.,  Corr.  Memb.  Inst  of  France, 
who  took  the  Chair  and  delivered  an  Address,  for  which  see  page  xlix. 

On  Thursday  Evening,  Sept  23,  a  Conversazione  took  place  in  the  Town 
Hall. 

On  Friday  Evening,  Sept.  24,  at  8|  p.m.,  in  the  Town  Hall,  John  Phillips, 
M.A.,  LL.D.9  F.R.S.,  Pres.  Geol.  Soc.  of  London,  delivered  a  Discourse  on 
the  Ironstones  of  Yorkshire. 

On  Monday  Evening,  Sept  27,  at  8  J  p.m.,  The  President  of  the  Meeting, 
Professor  Owen,  delivered  a  Discourse  on  the  Fossil  Mammalia  of  Australia. 

On  Tuesday  Evening,  Sept  28,  at  8A  p.m.,  a  Conversazione  took  place  in 
the  Town  Hall. 

On  Wednesday,  Sept  29,  at  3  p.m.,  the  concluding  General  Meeting  took 
place  in  the  Town  Hall,  when  the  Proceedings  of  the  General  Committee, 
and  the  Grants  of  Money  for  scientific  purposes,  were  explained  to  the 
Members. 

The  Meeting  was  then  adjourned  to  Aberdeen*. 
♦  The  Meeting  is  appointed  to  take  place  on  Wednesday,  the  14th  of  September,  1859. 
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ADDRESS 

BY 

RICHARD  OWEN,  M.D.,  V.P.R.S.,  D.C.L.,  F.L.S.  btc, 

SuP8iUliTi»i>lUT  OF  Tire  NATURAL  HiaTOBT  DsPARTMBNTS,  BRITlSn  MUSBUM. 


Gbktlbmen  of  the  British  Association, 

Wb  are  bere  met,  in  this  our  28th  annual  aBsembly,  having  accepted,  for 
the  present  year,  the  Invitation  of  the  flourishing  town  and  firm  seat  of 
British  manafacturing  energy,  Leeds,  to  continue  the  aim  of  the  Associa- 
tion, which  is  the  promotion  of  Science,  or  the  Knowledge  of  the  Laws  of 
Nature ;  whereby  we  acquire  a  dominion  over  Nature,  and  are  able  so  to 
apply  her  powers  as  to  advance  the  well-being  of  society  and  exalt  the  con- 
dition of  mankind.  It  is  no  light  matter,  therefore,  the  work  that  we  are 
here  assembled  to  do. 

God  has  given  to  man  a  capacity  to  discover  and  comprehend  the  laws  by 
which  His  universe  is  governed ;  and  man  is  impelled  by  a  healthy  and 
natural  impulse  to  exercise  the  faculties  by  which  that  knowledge  can  be 
acquired.  Agreeably  with  the  relations  which  have  been  instituted  between 
our  finite  faculties  and  the  phenomena  that  affect  them,  we  thus  arrive  at 
demonstrations  and  convictions  which  are  the  most  certain  that  our  present 
state  of  being  can  have  or  act  upon. 

Nor  let  any  one,  against  whose  prepossessions  a  scientific  truth  may  jar» 
confound  such  demonstrations  with  the  speculative  philosophies  condemned 
by  the  Apostle;  or  ascribe  to  arrogant  intellect  soaring  to  regions  of 
forbidden  mysteries  the  acquisition  of  such  truths  as  have  been  or  may 
be  established  by  patient  and  inductive  research.  For  the  most  part,  the 
discoverer  has  been  so  placed  by  circumstances,  rather  than  by  pre- 
determined selection,  as  to  have  his  work  of  investigation  allotted  to 
him  as  his  daily  duty ;  in  the  fulfilment  of  which  he  is  brought  face  to 
face  with  phenomena  into  which  he  must  inquire,  and  the  result  of  that 
inquiry  he  must  faithfully  impart.  The  course  of  natural  as  of  moral 
truth  is  progressive :  but  it  has  pleased  the  Author  of  all  truth  to  vary  the 
fashion  of  the  imparting  of  such  parcels  thereof  as  He  has  allotted  from  time 
to  time,  for  the  behoof  and  guidance  of  mankind. 

Those  who  are  privileged  with  the  faculties  of  discovery  are,  therefore,  to 
1868.  d 
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I  REPORT — 1858. 

be  regarded  as  preordained  instruments  in  making  known  the  power  of  God, 
without  a  knowledge  of  which,  as  well  as  of  Scripture,  we  are  told  that  we 
shall  err. 

Great  and  marvellous  have  been  the  manifestations  of  this  power  imparted 
to  us  of  late  times,  not  only  in  respect  of  the  shape,  motions,  and  solar 
relations  of  the  earth,  but  also  of  its  age  and  inhabitants. 

In  regard  to  the  period  during  which  the  globe  allotted  to  man  has  revolved 
in  its  orbity  present  evidence  strains  the  mind  to  grasp  such  sum  of  past  time 
with  an  effort  like  that  by  which  it  tries  to  realize  the  space  dividing  that 
orbit  from  the  fixed  stiurs  and  remoter  nebulaa.  Yet»  during  all  those  aeras 
that  have  passed  since  the  Cambrian  rocks  were  deposited  which  bear  the 
impressed  record  of  Creative  power,  as  it  was  then  manifested,  we  know» 
through  the  interpreters  of  these  ^  writings  on  stone,*  that  the  earth  was 
vivified  by  the  sun's  light  and  heat,  was  fertilised  by  refreshing  showexv,  and 
washed  by  tidal  waves. 

No  stagnation  has  been  permitted  to  air  or  ocean.  The  vast  body 
of  waters  not  only  moved,  as  a  whole,  In  orderly  oscillations,  regulated,  as 
now,  by  sun  and  moon ;  but  were  rippled  and  agitated  by  winds  and  storms. 
The  atmosphere  was  healthily  influenced  by  Its  horizontal  currents;  and  by 
ever-varying  clouds  and  vapours,  rising,  condensing,  dissolving,  and  falling 
in  endless  vertical  circulation.  With  these  conditions  of  life,  we  know  that 
life  itself  has  been  enjoyed  throughout  the  same  countless  thousands  of  years ; 
and  that  with  life,  from  the  beginning,  there  has  been  death. 

The  earliest  testimony  of  the  living  thing,  whether  shell,  crust,  or  coral  in 
the  oldest  fossilifbrous  rock,  is  at  the  same  time  proof  that  it  died. 

At  no  period  has  the  gift  of  life  been  monopolized  by  a  few  contemporary 
individuals  through  a  stagnant  sameness  of  untold  time;  but  it  has  been 
handed  over  from  generation  to  generation,  and  successively  enjoyed  by  the 
myriads  that  constitute  the  species.  And,  herein,  we  discern  the  greater 
beneficence  and  wisdom ;  that,  through  death,  whether  sudden  or  preceded 
by  a  brief  decay,  the  individual  enjoys  the  varying  phases  of  life, — ^healthy 
assimilative  growth,  active  youth,  and  vigorous  maturity,  with  the  procreative 
faculties  and  instincts  to  boot  And  as  life  rises  in  the  scale,  even  to  the 
present  highest  form,  foreknowing  of  his  end,  death  b  still  the  condition  tm 
which  are  enjoyed  man's  purest  pleasures, — the  reverential  love  of  parents— 
the  holy  affections  of  wedlock — the  fond  yearning  towards  offspring. 

It  has  further  been  given  us  to  know,  that  not  only  the  individual  but 
the  species  perishes ;  that  as  death  is  balanced  by  generation,  so  extinction 
has  been  concomitant  with  creative  power,  which  has  continued  to  provide  a 
succession  of  species ;  and  furthermore,  that,  as  regards  the  varying  forms 
of  life  which  this  planet  has  witnessed,  there  has  been  **an  advance  and 
progress  in  the  main." 

Geology  demonstrates  that  the  Creative  force  has  not  deserted  this  earth 
during  any  of  her  epochs  of  time ;  and  that  in  respect  ■  to  no  one  class  of 
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udmilB  has  the  maniftBstattoii  of  that  force  been  limited  to  one  epoeh.  Not 
a  spedeB  of  fbh  that  now  lives,  bnt  has  come  into  being  during  a  oompara- 
a^iAj  reeent  period :  the  existing  species  were  preceded  by  other  species,  and 
these  again  by  others  still  more  different  from  the  present  No  existing  genos 
of  ftshes  can  be  traced  back  beyond  a  moiety  of  known  creative  time.  Two 
entire  orders  have  come  into  being,  and  have  almost  superseded  two 
other  Gfd«n  sfaice  the  newest  of  the  secondary  formations  of  the  earth's 
craat. 

The  axiom  of  the  continuous  operation  of  Creative  power,  or  of  the 
mdaiiied  becoming  of  living  things,  is  here  illustrated  by  the  class  of  fishes, 
because  that  daas  is  exempt  from  the  application  of  some  exterminating 
caases  alfeethig  terrestrial  and  air-breaihing  animals. 

Bnt  the  creation  of  every  dass  of  such  animals,  whether  Reptiles,  Birds,  or 
Beasts,  has  been  successive  and  continuous,  from  the  eariiest  times  at  which  w« 
have  evidence  of  their  existence.  The  reptiles  of  the  coal  measures,  the  great 
birds  that  impressed  the  Connecticut  sandstones,  and  the  marsupial  mass^ 
mals  of  the  8tonesfield  and  Pnrbeck  Oolites,  came  into  being  long  before 
the  Cycloid  fishes  were  created  and  antmor  to  the  apparition  of  any 
known  existing  gpee\eB  of  aquatic  animaL  Spedes  after  species  of  land 
aBATouds,  order  after  order  of  air-breathing  reptiles,  have  succeeded  each 
other;  creation  ever  compensating  for  extinction.  The  soceessive  passing 
away  of  air-breathing  species  may  have  been  as  little  due  to  exeeptioiial 
▼iofence,  and  as  nuich  to  natural  law,  as  in  the  case  of  marine  plants  and 
aaimals.  It  fe  true^  indeed,  that  every  part  of  the  earth's  surfiMse  has  been 
submerged ;  but  successively,  and  for  long  periods.  Of  the  present  dry 
kmd  diffieroit  natural  continents  have  difierent  faunas  and  floras ;  and  the 
faflsil  remams  of  the  plants  and  animals  of  these  continents  respectively 
show  that  they  possessed  the  same  peculiar  characters,  or  characteristio 
fiaek$f  during  periods  extending  far  beyiHid  the  utmost  limits  a(  human 
hietmy. 

Siidi,  gentlemen,  is  a  brief  summary  of  facts  most  nearly  interesting  us^ 
wUdi  have  been  demonstratively  made  known  respecting  our  earth  and  its 
inhabitaiits.  And  when  we  reflect  at  how  late  and  in  how  brief  a  period  of 
historieal  time  the  acquisitioa  of  such  knowledge  has  been  permitted,  we 
nmst  fod  that,  vast  as  it  seems,  it  may  be  but  a  very  samll  part  of  the 
patrinoay  of  truth  destined  for  the  possession  of  future  generations. 

The  certain  knowledge  of  the  very  shape  of  the  earth  dates  not  so  far  back 
by  some  centuries  as  that  epoch  marked  by  the  revelation,  amongst  other 
divkie  troths,  of  the  responsibility  of  man  for  the  use  of  the  talent  entrusted 
le  him ;  and  we  may  wdl  bdieve  that  it  has  been  mainly  under  the  sense  of 
this  respeaaibility  that  men  have  submitted  thewselves  to  that  patient  endu- 
nmee  of  the  labour  of  investigaticm,  experimeat,  comparison,  inveution,  and 
the  pondering  on  results,  often  to  the  utmost  reach  of  mentd  teaaionr  by. 
which  the  present  knowledge  of  the  Divine  powes  has  been  acquired. 
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In  reviewing  the  nature  and  results  of  our  proceedibgs  during  the  last 
twenty-seven  years,  and  the  aims  and  objects  of  our  Association,  it  seems 
as  if  we  are  realizing  the  grand  Philosophical  Dream  or  Prefigurative  Vision 
of  Francis  Bacon,  which  he  has  recounted  in  his  <  New  Atlantis.' 

In  this  noble  Pftrable  the  Father  of  Modern  Science  imagines  an  Institu- 
tion which  he  calls  *^  Solomon's  House,"  and  informs  us,  by  the  mouth  of 
one  of  its  members,  that  "  the  end  of  its  Foundation  is  the  Knowledge  of 
Causes  and  Secret  Motions  of  Things ;  and  the  enlarging  of  the  bounds  of 
Human  Empire  to  the  effecting  of  all  things  possible." 
.  Amongst  the  means  and  instruments  to  this  great  end.  Bacon  imagines 
laboratories  situated  at  the  greatest  attainable  distances,  vertically,  in  regard 
to  the  atmosphere  , — some  sunk  600  fathoms  deeper  than  the  deepest  natural 
cave;  others  pUtced  on  towers  set  upon  high  mountains,  <*so  that  the  van- 
tage of  the  hill  with  the  tower  is  in  the  highest  of  them  three  miles  at  leasf 
In  the  depths  he  conceives  might  be  carried  on  the  producing  of  new  arti- 
ficial metals*  by  compositions  and  materials  left  at  work  for  many  years,  in 
imitation  of  natural  mines ;  also  observations  on  the  formation  of  figured 
fbisils ;  and  he  speculates  upon  the  influence  of  these  cold  depths  in  the  curing^ 
of  certain  \liseases  and  the  prolonging  of  human  life,  as  it  seems  by  a  super- 
induced torpidity.  In  the  higher  regions  of  the  air  are  to  be  carried  oa 
observations  of  the  heavens,  and  of  divers  meteors — wind,  rain,  hail,  and 
falling  stars. 

<<  We  have  also,'*  he  writes,  ^'spacious  houses  where  we  imitate  and  demon- 
strate meteors,  as  thunders,  lightnings,  snow,  hail,  and  rain.  We  have,  also, 
instruments  which  generate  heat  only  by  motion." 

Next  come  arrangements  for  the  appliance  of  water-power  and  of  winds 
to  set  a-going  divers  motions : — ^  engine-houses,  where  are  prepared  engines 
and  instruments  for  all  sorts  of  motions,  some  swifter  than  any  known  to  the 
rest  of  the  world,  and  other  various  motions  for  equality,  fineness  and  subtilty  : 
—a  mathematical  house,  where  are  represented  all  instruments,  as  well  of 
geometry  as  astromomy,  exquisitely  made.  We  have  also  sound-houses,  where 
we  practise  and  demonstrate  all  sounds  and  their  generation,  as  by  divers  in* 
struments  of  music ;  and  those  that  imitate  all  articulate  sounds  and  letters, 
and  the  voices  and  notes  of  beasts  and  birds.  We  have  also  the  means  to  conrey 
sounds  in  trenches  and  pipes  in  strange  lines  and  distances."  Then  come  the 
perspective-houses,  **  where  we  make  demonstrations  of  all  light  and  radiations 
and  of  all  colours ;  and  out  of  things  uncoloured  and  transparent  we  can 
represent  unto  you  several  colours,  both  as  rainbows  and  as  single.  We  make 
artificial  rainbows,  halos  and  circles  about  light,  and  represent  all  manner 
of  reflexions,  refractions,  and  multiplication  of  visual  beams  of  objects.  These 
multiplications  of  light  we  carry  to  great  distances,  and  make  so  sharp  as  to 
discern  small  points  and  lines.  We  procure  means  of  seeing  objects  afar  off*, 
as  in  the  heaven  and  remote  places,  representing  things  afar  off*  as  near.  We 
*  Davy,  Herachel,  Aluminium. 
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hKwe  who  glasses  and  means  to  'see  minute  bodies  perfectly  and  distbctl j, 
as  the  shapes  and  odoars  of  small  flies  and  worms»  which  cannot  otherwise  l>e 
seen ;"  also  **  observations  on  blood  and  sap  not  otherwise  to  be  seen." 

In  regard  to  natural  history.  Bacon  imagines  huge  Aquaria,  of  both  salt 
and  fresh  water,  for  the  use  and  observation  and  geoeration  offish  and  fowl, 
**  where  we  make  trials  upon  fishes.  We  have  also  parks  and  enclosures  of 
all  sorts  of  beasts  and  birds,  which  we  use  not  only  for  view  and  rareness,  but 
likewise  for  dissections  and  triab ;  tlmt  thereby  we  may  take  light  what  may 
be  wrought  upon  the  body  of  man. 

**  We  have  also  large  and  various  orchards  and  gardens,  wherein  we  do  not 
so  much  respect  beauty  as  variety  of  ground  and  soil :  in  these  are  practised 
all  conclusions  of  grafting  and  inocuhiting ;  and  we  make,  by  art,  trees  and 
flowers  to  come  up  earlier  or  later  than  their  seasons ;  we  also  make  them 
by  art  much  greater  than  their  nature,  and  their  fruit  greater  and  sweeteri 
and  of  different  taste,  smell,  and  colour." 

Lastly,  as  one  important  means  of  efibcting  the  great  aims  of  the  *'  six  days- 
coH^e,"  certain  of  its  members  were  deputed,  as  '<  merchants  of  light,"  to 
make  ^  circuits  or  visits  of  divers  principal  cities  of  the  kingdom." 

This  latter  feature  of  the  Baconian  oi^nisation  is  the  chief  characteristic 
of  the  **  British  Association ; "  but  we  have  striven  to  carry  out  other  aims 
of  the  'New  Atlantis,'  such  as  the  systematic  summaries  of  the  results  of 
different  branches  of  science,  of  which  our  published  volumes  of  ^  Reports' 
are  evidence ;  and  we  have  likewise  realized,  in  some  measure,  the  idea  of 
the  *  Mathematical  House  *  in  our  establishment  at  Kew. 

The  national  and  private  Observatoriesi  the  Royal  and  other  Scientific 
Societies,  the  British  Museum,  the  Zoological,  Botanical,  and  Horticultural 
Gardens  combine  in  our  day  to  realize  that  which  Bacon  foresaw  in  distant 
perspective.  Great  beyond  all  anticipation  have  been  the  results  of  this  organi* 
sationy  and  of  the  application  of  the  inductive  methods  of  interrogating  Nature, 

The  universal  law  of  gravitation,  the  circulation  of  the  blood,  the  analo« 
goiis  course  of  the  magnetic  influence,  which  may  be  said  to  vivify  the  earthi 
permitting  no  atom  of  its  most  solid  constituents  to  stagnate  in  total  rest ; 
the  development  and  prepress  of  Chemistry,  Geology,  PalsBontology ;  the 
inv^itions  and  practical  applications  of  gas,  the  steam-engine,  photography, 
tdegraphy  :-i-such,  in  the  few  centuries  since  Bacon  wrote,  have  been  the 
rewards  of  the  fdthful  followers  of  his  rules  of  research. 

We  can  hardly  appreciate  the  swift  of  progress  of  human  knowledge  unless 
we  go  back,  for  an  instant,  to  the  period  whice  I  have  chosen  as  the  starting- 
point  in  thb  survey. 

Bacon's  treatment  of  the  Copemican  theory  shows  the  importance  of  pure 
observation  in  the  establbhment  of  natural  truth,  and  places  in  a  strong  light 
the  incompetency  of  the  highest  intellectual  power,  of  itself,  to  reason  up  to 
truth,  even  when  it  is  so  plain  as  it  now  appears  to  us  in  reference  to  the 
true  nature  of  the  apparent  movements  of  the  sun  in  respect  to  the  earth. 

The  wdl-known  passages  from  the  *  Thema  Cceli/  and  the  essay  *  On  the 
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Cause  of  the  Tides/  together  with  the  fling  *<at  those  few  oarmen  which 
drive  the  earth  about*,"  are  strongly  indicative  of  the  state  of  Bacon's  mind 
— the  philosophical  mind  of  his  time — on  the  great  question  then  agitating 
it,  as  to  the  movemento  of  the  heavenly  bodies. 

A  mass  of  observations  of  their  apparent  movements  had  been  accumula- 
ting from  the  periods  of  Hipparchus  and  Ptolemy  to  that  of  Copernicus. 
The  nature  and  cause  of  those  observed  movements  had  to  be  exfdained. 
The  Alexandrian  astronomer  had  given  an  explanation  in  harmony  with  the 
apparent  motions.  Copernicus  suggested  another,  contradictory  of  the  ap* 
parent  motions,  but  more  in  harmony,  through  certain  reasons  assigned^  with 
what  he  believed  to  be  their  real  nature. 

These  reasons  wanted  proofs  from  observation;  but  the  proofe  after- 
wards came,  and  were  the  fruit  of  the  more  commonly  possessed  inventive 
faculty  rather  than  of  the  rarer  power  of  abstract  thought.  Great»  trulj,  it 
the  gift  to  mankind  when  the  two  faculties  coexist  in  a  commanding  intellect  I 

Galileo  invented  a  perspective  glass  by  which  he  discovered  the  four  smaU 
bodies  which  revolve  about  Jupiter  in  different  periods  of  time.  The  analogy 
which  this  visible  system  of  Jupiter  bore  to  the  solar  system,  as  conceived  bj 
Copernicus,  gave  what  Herschel  calls  the  ^*  holding  turn"  to  the  opinions 
of  mankind  respecting  the  heliocentric  system.  Galileo's  next  discovery 
more  decidedly  confirmed  the  truth  of  that  systeuL  He  observed  that  Venus 
in  the  course  of  her  revolution  assumed  the  same  succession  of  phases  which 
our  moon  exhibits  in  her  monthly  circuit  The  opponents  of  Copernicus  had 
objected  that  Venus  did  not  appear  four  times  as  large  as  she  should  do  when* 
according  to  his  system,  she  is  four  times  as  near  us  ;  but  Galileo  furnished 
the  true  reason :  the  dark  side  of  Venus  is  toward  the  earth  when  she  is 
nearest  it.  But  with  all  this,  Bacon's  acceptance  of  the  Copemican  system 
never  went  further  than  as  respected  the  movements  of  Venus  and  Mercury 
fiUbovit  the  Sun. 

.  My  motive  in  here  referring  to  such  trite  facts  in  the  History  of  Astro- 
jiomy  is  to  impress  upon  all  who  sympathise  with  scientific  progressi  or 
merely  wish  us  <good  speed,'  the  importance  of  direct  observation  of  Nature. 
The  two  results  of  Galileo's  direction  of  his  telescope  to  heavenly  bodies 
were  of  more  value  than  the  subtlest  of  the  olyections  of  Bacon  or  of  the 
excuses  of  Bruno. 

In  1631  Kepler  witnessed  the  transit  of  Mercury  across  the  sun's  disk:  in 
16S9  Horrox  saw  the  like  transit  of  Venus:  and  these  observations  were  of 
a  higher  kind  than  Galileo's.  His  might  be  called  a  chance  trial  of  the  phe- 
nomena of  the  skies;  the  English  astronomer  planted  his  telescope  at  the  very 
hour,  when,  according  to  the  Copemican  hypothesis,  he  had  calculated  that 
Venus  in  her  orbit  would  pass  between  the  sun  and  the  earth.  Kepler's 
observation  of  the  elliptical  form  of  the  orbit  of  Mars  definitely  cast  out  the 
eccentrics  and  epicycles  of  Ptolemy,  and  made  the  Copemican  explanation 
easier  than  it  had  seemed  to  Copernicus  himself. 

*  Difcovrse  '  Is  Praise  of  Knowledge.' 
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The  ioaotkmt  of  the  heavenly  bodies  being  thui  determioedy  there  remaiDed 
their  oavse,  or  their  la¥rs.  Kepler's  successive  approximations  to  an  accurate 
determination  of  the  orbits  of  the  planets^  and  to  the  ratios  of  their  mean 
distanees  firom  the  sun  to  the  times  of  their  revolutions^  which  matliemati- 
eians  now  express  bj  saying  that  **  the  squares  of  the  periodic  times  are  in 
the  same  proportion  as  the  cubes  of  the  distance,"  became  an  important 
prelude  to  Newton's  discovery  of  the  law  of  the  sun's  attractive  force* 

Without  stopping  to  trace  the  concurrent  progress  of  the  science  of  mo- 
tion, of  which  the  true  foundations  were  laid,  in  Bacon's  time,  by  Galileo,  it 
will  serve  here  to  state  that  the  foundations  were  laid  and  the  materials 
gathered  for  the  establishment,  by  a  master-mind,  supreme  in  vigour  of 
thought  and  mathematical  resource^  of  the  grandest  generalisation  ever  pro- 
malgaled  by  science-*-that  of  the  universal  gravitation  of  mutter  according  to 
the  law  of  the  inverse  square  of  the  distance. 

The  same  century  in  which  the  <  Thema  Coeli'  of  Lord  Verulam  and  the 
*  Nonoius  Sidereus'  of  Galileo  saw  the  lights  was  glorified  by  the  publication 
of  the  *  PhilosophisB  Naturalis  Principia  Matheraatica'  of  Newton. 

Has  time,  it  may  be  asked,  in  any  way  affected  the  great  result  of  that 
masterpiece  of  human  intellect  ?  There  are  signs  that  even  Newton's  axiom, 
or  the  terms  in  which  it  was  enunciated^  may  not  be  exempt  from  the  restless 
law  of  progreas. 

The  mode  of  expressing  the  law  of  gravitation  as  being  "  in  the  inverse 
proportion  of  the  square  of  the  distances,"  Involves  the  idea  that  the  force 
emanating  from  or  exercised  by  the  sun  must  become  more  feeble  in  pro* 
portion  to  the  increased  spherical  surface  over  which  it  is  diffused.  So,  in- 
deed, it  was  expressly  understood  by  Halley. 

The  aUest  historian  of  Natural  Science  has  remarked  that  **  future  dis- 
coTeries  may  make  gravitation  a  case  of  some  wider  law,  and  may  disclose 
something  of  the  mode  in  which  it  operates*."  The  difficulty,  indeed,  of 
conceiving  a  force. acting  through  nothing  from  body  to  body  has  of  late 
made  itself  felt ;  and  more  especially  since  Meyer  of  Heilbron  first  clearly 
expressed  the  principle  of  the  *  conservation  of  force.'  Newton,  though 
apprehending  the  necessity  of  a  medium  by  which  the  force  of  gravitation 
should  be  conveyed  from  one  body  to  anotherf,  yet  appears  not  to  have 
poesessed  such  an  idea  of  the  indestructibility  of  force  as  that  which,  now 
poosessed  by  minds  of  the  highest  order,  seems  to  some  of  them  to  be  in- 
compatible with  the  terms  in  which  Newton  enunciated  his  great  law ;  viz. 
of  matter  attracting  matter  with  a  force  which  varies  inversely  as  the  square 
of  the  distance. 

Faraday  has  offered  the  following  comment  on  this  received  expression 
of  the  idea  of  gravity : — *'  Assume  two  pai*ticles  of  matter,  A  and  B , 
in  free  space,  and  a  force  in  each  or  in  both   by  which  they  gravitate 

*  WheweU,  History  of  the  Inductive  Scienoes. 
t  See  Newton's  Third  Letter  to  Bentley. 
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towards  each  other,  the  force  being  unalterable  for  an  unchanging  dis- 
tance, but  varying  inversely  as  the  square  of  the  distance,  when  the 
latter  varies.  Then,  at  the  distance  of  10  the  force  may  be  estimated 
as  1  ;  whilst  at  the  distance  of  1,  i.e.  one-tenth  of  the  former,  th« 
force  will  be  100 :  and  if  we  suppose  an  elastic  spring  to  be  introduced 
between  the  two  as  a  measure  of  the  attractive  force,  the  power  com- 
pressing it  will  be  a  hundred  times  as  much  in  the  latter  case  as  in  the 
former.  But  from  whence  can  this  enormous  increase  of  the  power  come  ? 
If  we  say  that  it  b  the  character  of  this  force,  and  content  ourselves  with 
that  as  a  sufficient  answer,  then,  it  appears  to  me,  we  admit  a  creaium 
of  power,  and  that  to  an  enormous  amount ;  yet  by  a  change  of  condition^ 
so  small  and  simple  as  to  fail  in  leading  the  least-instructed  mind  to  think 
that  it  can  be  a  sufficient  cause,  we  should  admit  a  result  which  would 
equal  the  highest  act  our  minds  can  appreciate  of  the  working  of  infinite 
power  upon  matter ;  we  should  let  loose  the  highest  law  in  physical  science 
which  our  faculties  permit  us  to  perceive,  namely,  the  conservation  of  force. 
Suppose  the  two  particles  A  and  B  removed  back  to  the  greater  distance  of 
10,  then  the  force  of  attraction  would  be  only  a  hundredth  part  of  that  they 
previously  possessed ;  this,  according  to  the  statement  that  the  force  varies 
inversely  as  the  square  of  the  distance,  would  double  the  strangeness  of  the 
above  results ;  it  would  be  an  annihilation  of  force :  an  effect  equal  in  its 
affinity  and  its  consequences  with  creation^  and  only  within  the  power  of  Him 
who  has  created." 

If  we  suppose  the  different  modes  of  force,  which  we  call  Might,'  *heat,* 
<  gravity,'  to  act  in  all  directions,  as  emanations  from  a  centre,  with  a  force 
which  is  the  same  in  every  part  of  the  line,  throughout  space,  the  law  of  the 
*  inverse  squares '  would  be  a  necessary  consequence  of  the  fact  that,  at  double 
the  distance,  only  one-fourth  the  number  of  such  •  lines  of  force  *  would  im- 
pinge or  act  upon  the  *  illuminated,*  *  heated  *  or  « attracted '  body  *. 

This  may  be  understood  by  the  subjoined  diagram : — 


*  Westminster  Review,  No.  XXVIL 
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So  mndi  in  illastration  of  the  present  phase  of  scientific  thought  in  refer- 
eioe  to  the  Newtonian  axiom. 

The  progress  of  knowledge  of  the  fomi  of  all-pervading  force,  which 
ve  call,  from  its  most  notable  e£Pect  on  one  of  the  senses,  'light/  has  not 
been  \e»  renkarkable  than  that  of  gravitation. 

Galileo's  discovery  of  Jupiter's  satellites  supplied  Romer  with  the  pheno* 
mena  whence  he  was  able  to  measure,  in  1676,  the  velocity  of  light.  Des- 
cartes, in  his  theory  of  the  Rainbow,  referred  the  different  colours  to  the 
different  amount  of  refraction,  and  made  a  near  approximation  to  Newton's 
capital  discovery  of  the  different  colours  entering  into  the  composition  of  the 
Inminoas  ray,  and  of  their  different  refrangibility.  Hook  and  Huyghens, 
about  the  same  period  had  entered  upon  explanations  of  the  phenomena  of 
l^ht  conceived  as  due  to  the  undulations  of  an  ether,  propagated  from  the 
laminoos  point  spherically,  like  those  of  sound.  Newton,  whilst  admitting 
that  soch  undulations  or  vibrations  of  an  ether  would  explain  certain  phe- 
nomena, adopted  the  hypothesis  of  emission  as  most  convenient  for  the 
mathematical  propositions  relative  to  light.  The  discoveries  of  achromatbm, 
of  the  laws  of  double  refraction,  of  polarization  circular  and  elliptical,  and 
of  depolarization,  rapidly  followed,  realizing  more  than  Bacon  conceived 
might  flow  from  the  labours  of  the  'perspective  house,'  and,  with  later  ad- 
vances in  optics,  have  made  renowned  the  names  of  Dollond,  Young,  Mains, 
Fresnel,  Arago,  Biot,  Brewster,  Stokes,  and  Jamin. 

Some  of  the  natural  sciences,  as  we  now  comprehend  them,  had  not  ger- 
minated in  Bacon's  time.  Chemistry  was  then  Alchemy :  Geology  and  Pa- 
ksontcJogy  were  undreamt  of:  but  Magnetism  and  Electricity  had  begun  to 
be  observed,  and  their  phenomena  compared  and  defined  by  a  contem- 
porary of  Bacon,  in  a  way  that  claims  to  be  regarded  as  the  first  step  toward  a 
scientific  knowledge  of  those  powers.  It  is  true  that,  before  Gilbert*,  the 
magnet  was  known  to  attract  iron,  and  the  great  practical  application  of 
magnetized  iron — the  mariner's  compass — had  been  invented,  and  for  many 
years  before  Bacon's  time  had  guided  the  barks  of  navigators  through  track- 
less seas. 

Gilbert,  to  whom  the  name  '  electricity '  is  due,  observed  that  that  force 
attracted  light  bodies,  whereas  the  magnetic  force  attracted  iron  only. 
About  a  century  later  the  phenomena  of  repulsion  as  well  as  of 
attraction  of  light  bodies  by  electric  substances  were  noticed ;  and  Dufay, 
in  17S3,  enunciated  the  principle  that  '*  electric  bodies  attract  all  those  that 
are  not  so,  and  repel  them  as  soon  as  they  are  become  electric  by  the 
vidoity  of  the  electric  body." 

The  conduction  of  electric  force,  and  the  different  behaviour  of  bodies  in 
contact  with  the  electric,  leading  to  their  division,  by  Desaguliers,  into  con* 
doctors  and  non-conductors,  next  followed.  The  two  kinds  of  electricity,  at 
first  by  Dufay,  their  definer,  called  <  vitreous '  and  *  resinous,'  afterwards,  by 

*  De  Magnets  (1600), 
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Franklin,  *  poftitlfe '  and  *  negatiTe/  fonned  an  important  st^p,  whioh  led  to  a 
brilliant  series  of  experiments  and  discoveries,  with  inventions,  such  aa  the 
Leydeo  jar,  for  intensifying  the  electric  shoclck  But  whilst  the  miyority  of  the 
applications  of  these  degrees  of  mastery  over  the  electric  force  was  calculated 
to  amuse  or  surprise,  the  instantaneous  transmission  of  electricity  through  an 
-extent  of  6000  feet,  demonstrated  by  Sir  W.Watson,  together  with  Franklin's 
discovery  of  the  electric  state  of  the  clouds,  and  of  the  power  of  drawing 
off  such  electricity  by  pointed  bodies,  was  a  brilliant  beginning  of  the  appli- 
cation of  this  subtle  science  to  the  discovery  of  the  well-being  and  needs  of 
mankind.  Superstitious  ignorance  might  well  shrink  from  playing,  as  the 
American  philosopher  with  his  electric  kites  seemed  to  be  doing,  with  lighl- 
ning,^-might  gaze  with  alarm  at  the  Russian  Professor  *  collecting  on  his  eleo- 
tricd  rod  the  awful  charge  of  the  black  thunder*cloud,-^might  deem  the 
globe  of  fire  which  leapt  from  the  rod  upon  the  head  of  the  experimenter 
and  atruck  him  dead  as  a  judgment  for  tampering  with  a  force  that  man's 
instinct,  in  all  ages,  has  referred  to  a  direct  expression  of  the  power  and 
will  of  Deity.  But  tiie  cultivator  of  God's  intellectual  gifls  sees  rather, 
in  the  application  of  the  lightning-conductors  which  now  guide  harmless  to 
the  earth  the  dangerous  electricity  of  the  clouds,  the  predestined  fruit  and 
reward  of  the  laborious  and  dauntless  application  of  those  giPts^  agreeably 
with  the  rule  of  right  reason,  to  the  unfolding  of  natural  phenomena. 

To  hide  from  the  lightning  and  tremble  at  the  thunder,  as  the  immediate 
manif^tation  of  offbnded  Deity,  is  the  superstition  of  the  savage ;  to  recog- 
nise that  both  phenomena  are  under  the  control  of  a  law,  and  operating  to 
beneficial  ends,  is  the  privilege  of  the  sage.  This  it  is  which  begets  a  true 
and  worthy  feeling  of  i^verence  for  the  Lawgiver. 

When  the  knowledge  of  the  law  gives  the  mode  of  diverting  from  the 
well-manned  sliip  and  the  crowded  hall  the  destructive  influenoe  of  the 
electric  bolt,  we  then  worthily  adore  the  beneficence  that  has  imparted  ao 
much  of  the  power*interpreting  talent  as  brings  that  reward  for  its  enjoined 
use.  The  philosopher,  in  the  course  of  his  hazardous  experimental 
researches,  may  incur  a  fatal  result ;  but  he  becomes  then,  not  the  sacrifice 
for  presumptuous  espial  into  divine  and  forbidden  mysteries,  but  the  true 
*  martyr  of  science.'  His  death  has  contributed  to  save  tke  lives  of  thousands 
^of  his  fellow*creatureB  and  to  allay  the  distressing  fears  of  millions. 

Magnetism  has  been  studied  with  two  aims, — the  one  to  note  the  numerical 
relations  of  its  activity  to  time  and  space,  both  in  respect  of  its  direction  and 
intensity,  the  other  to  penetrate  the  mystery  of  the  nature  of  the  magnetic 
force. 

In  reference  to  the  first  aim,  my  estimable  predecessor  adverted,  last  year, 
to  the  fact  that  it  was  in  the  Committee-rooms  of  the  British  Association 
that  the  first  step  was  taken  towards  that  great  magnetic  organization  which 
has  since  borne  so  much  fruit.     Thereby  it  has  been  determined  that  there 
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are  peciodiod  ciamgeg  of  the  magaelic  elemeots  depending  on  the  boui^  of 
the  day,  the  season  of  the  year,  and  on  what  seemed  strange  intervals  of 
about  eleven  years*  Also,  that  besides  these  regular  changes  there  were 
others  of  a  more  abrupt  and  seemingly  irregular  character-^Humboldt's 
*  magnetic  storms' — which  occur  simultaneously  at  distant  parts  of  the 
earth's  surface^  Major-General  Sabine,  than  whom  no  individual  has  done 
lax^e  in  this  field  of  research  since  Halley  first  attempted  ^*  to  explain  the 
change  in  the  variation  of  the  magnetic  needle,"  has  proved  that  the  magnetic 
storme  observe  diurnal,  annual,  and  decennial  periods.  But  wifh 
irliat  phase  or  phenomenon  of  earthly  or  heavenly  bodies,  it  may  be  asked» 
has  the  magnetic  period  of  ten  years  to  do?  The  coincidence  which 
points  to,  if  it  does  not  give,  the  answer,  is  one  of  the  most  remarkable,  un- 
expected, and  encouraging  to  patient  observera. 

For  thirty  years  a  German  astronomer,  Sohwabe,  had  set  himself  the  task 
of  daily  observing  and  recording  the  appearance  of  the  sun  s  disk ;  in  which 
time  he  found  that  the  spots  passed  through  periodic  phases  of  increase  and 
decrease,  the  length  of  the  period  being  about  ten  years.  A  comparison 
of  the  independent  evidence  of  the  astronomer  and  magnetic  observer  has 
shown  that  the  decennial  magnetic  period  coincides  both  in  its  duration 
and  in  its  epochs  of  maximum  and  minimum  with  the  same  period  observed 
in  the  solar  spots. 

A  few  weeks  agO|  during  a  visit  of  inspection  to  our  establishment  at  KeW| 
I  obeenred  the  successful  operation  of  the  photoheliographic  apparatus  in 
depfcling  the  solar  spots  as  they  then  appeared.  The  continued  regular 
reoord  of  the  macular  state  of  the  sun's  surface,  with  the  concurrent  raagnetio 
observations  now  established  over  many  distant  points  of  the  earth's  surface^ 
will  ere  long  establish  the  full  significance  and  value  of  the  remarkable,  and^ 
in  reference  to  the  observers,  undesigned,  coincidence  above  mentioned* 

Not  to  trespass  on  your  patience  by  tracing  the  progress  of  magnetism 
from  Gilbert  to  Oented,  I  cannot  but  advert  to  the  time^  iSOTy  when  the 
latter  tried  to  didcover  whether  electricity  in  its  most  latent  state  had  aaj 
efiect  on  the  magnet,  and  to  his  great  result,  in  1820,  that  the  conducting- 
wire  of  a  voltaic  circuit  acts  upon  a  magnetic  needle,  so  that  the  latter  tends 
to  place  itself  at  right  angles  to  the  wire. 

The  ablest  physicists  in  Europe,  and  Ampere  especially,  devoted  them- 
selves, immediately  on  the  promulgation  of  this  capital  discovery,  to  the 
analysis  of  its  conditions.  Ampere,  moreover,  succeeded,  by  means  of  a 
delicate  apparatus,  in  demonstrating  that  the  voltaic  wire  was  affected  by  the 
action  of  the  earth  itself  as  a  magnet.  In  short,  the  generalization  was  esta- 
blbhed,  that  tnagnetism  and  electricity  are  hut  different  effects  of  one  common 
cause.  This  has  proved  the  first  step  to  still  grander  abstractions — to  that 
which  conceives  the  reduction  of  all  the  species  of  imponderable  fluids  of 
the  chemistry  of  our  student  days,  together  with  gravitation,  chemicity*, 
♦  •  Elective*  or  *  molecular  attraction.' 
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and  neuricity*,  to  interchangeable  modes  of  action  of  one  and  the  same 
all-pervading  life-et»ence. 

Galvani  arranged  the  parts  of  a  reeently-mutilated  frog  so  as  to  bring  a 
nerve  in  contact  with  the  external  surface  of  a  muscley  when  a  contraction 
of  the  muscle  ensued.  In  this  suggestive  experiment  the  Italian  plulosopher, 
who  thereby  initiated  the  inductive  inquiry  into  the  relation  of  nerve  force 
to  electric  force^  concluded  that  the  contraction  was  a  necessary  conse- 
quence of  the  passage  of  electricity  from  one  surface  to  the  other  by  means 
of  the  nerve.  He  supjiosed  that  the  electricity  was  secreted  by  the  brain* 
and  transmitted  by  the  nerves  to  different  parts  of  the  bodyy  the  muscles 
serving  as  reservoirs  of  the  electricity.  Volta  made  a  further  step,  by  show^ 
ing  that,  under  the  conditions  or  an*angements  of  Galvani*s  experiments,  the 
muscle  would  contract,  whether  the  electric  current  had  its  origin  in  the 
animal  body,  or  from  a  source  external  to  that  body.  Galvani  erred  in 
too  exclusive  a  reference  of  the  electric  force  producing  the  contraction 
to  the  brain  of  the  animal :  Volta  in  excluding  the  origin  of  the  electric  force 
from  the  animal  body  altogether*  The  determination  of  *  the  true'  and  *  the 
constant'  in  these  recondite  phs&nomena  has  been  mainly  helped  on  by  the 
persevering  and  ingenious  experimental  researches  of  Matteucci  and  Du 
Bois  Reyroond.  The  latter  has  shown  that  any  point  of  the  surface  of  a 
muscle  is  positive  in  relation  to  any  point  of  the  divided  or  transverse  section 
of  the  same  muscle ;  and  that  any  point  of  the  surface  of  a  nerve  is  positive 
in  relation  to  any  point  of  the  divided  or  transverse  section  of  the  same  nerve« 
Mr.  Baxter,  in  still  more  recent  researches,  has  deduced  important  conclu« 
sions  on  the  origin  of  the  muscular  and  nerve  currents,  as  being  due  to  the 
polarized  condition  of  tiie  nerve  or  muscular  fibre,  and  the  relation  of  that 
condition  to  changes  which  occur  during  nutrition.  From  the  present  state 
of  neuro-electricity  it  may  be  concluded  that  nerve  force  is  not  identical  with 
electric  force,  but  that  it  may  be  another  mode  of  motion  of  the  same  com- 
mon force :  it  is  certainly  a  polar  force,  and  perhaps  the  highest  form  of 

polar  force : — 

**  A  motion  which  inay  change,  but  cannot  die ; 
An  image  of  some  bright  eternity." 

The  present  tendency  of  the  higher  generalizations  of  chemistry  seems  to 
be  toward  a  reduction  of  the  number  of  those  bodies  which  are  called 
*  elementary ; '  it  begins  to  be  suspected  that  certain  groups  of  so-called 
chemical  elements  are  but  modified  forms  of  one  another.  • 

An  important  step  in  the  elimination  of  the  chlorine  and  bromine  group 
from  the  category  of  simple  bodies  or  elements  has  very  recently  been  made 
by  Prof.  Schonbein.  He,  at  least,  adduces  strong  reasons,  from  analogy, 
for  regarding  those  substances  as  *  oxy-compounds,'  or  what  the  Professor 
terms '  Ozonides ;'  chlorine  being,  according  to  this  view,  the  peroxide  of 
murium=MuO+0-  The  researches  on  which  this  conclusion  is  founded 
have  recalled  to  my  mind  the  cautious  terms  in  which  my  venerable  Teacher 
*  Force  ascribed  to  a  nervous  fluid* 
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of  CbemiBtryy  Hopb,  alwayn  introduced  Davy's  then  new  hjrpotbesis ;  and 
I  now  better  appreciate  the  celebrated  Edinburgh  Professor's  disinclination 
to  abandon  the  old  doctrine  of  the  compound  nature  of  chlorine^  &c« 

Organic  chemistry  becomes  simplifi^  as  it  expands;  aud  its  growth  has, 
of  late,  proceeded,  through  the  labours  of  Hoffmann,  Berthelot,  and  others, 
with  unexampled  rapidity.  The  results  of  the  recent  experiments  of  M.  Ber- 
thelot have  more  especially  tended  to  reduce  the  various  and  numerous 
ternary  oxygenated  organic  substances  into  a  small  number  of  iiindamental 
groups.  The  important  power  of  synthesis  has  grown  with  this  growth. 
Since  Wohler,  in  1828,  succeeded  in  artificially  producing  <  urea,*  Kolbe 
has  similarly,  by  tlie  combinations  of  inorganic  elements,  produced  acetic 
acid  and  the  new  organic  radical  *  methyL'  Berthelot  has  formed  glycerine, 
the  basis  of  animal  and  vegatable  oils  and  fats,  and  has  also  formed  grape- 
sugar.  It  18  true,  that  in  the  latter  synthesb  the  contact  of  putrefying  animal 
matter  is  requisite ;  although  such  matter  contributes  none  of  its  constituents 
to  the  new  compound,  nor  undergoes  any  appreciable  change  in  the  process. 
Berthelot  has  very  recently  shown  that  cholesterine  is  a  true  alcohol,  analo* 
gous  to  6thal ;  and  that,  treated  by  acids,  it  b  transformed  into  corresponding 
ethers,  similar  to  other  6thilic  ethers. 

A  substance  resembling  camphor  has  been  this  year  made  by  the  action  of 
licids,  t.g^  the  chorhydrie,  upon  essential  oil  of  turpentine.  By  treating  this 
substance  with  strong  alkali  it  is  changed  into  a  liquid  carburet  of  hydrogen  ; 
bul^  if  feeble  alkalis  are  employed  or  slightly  alksdine  salts,  a  solid  carburet 
is  obtained  identical  with  camphor.  By  oxidizing  the  artificial  camphor, 
ordinary  camphor  is  obtained ;  by  adding  hydrgoen  to  such  ordinary  cam- 
phor, the  camphor  of  Borneo  is  obtained.  M.  Berthelot  has  thus  realized 
the  synthetic  preparation  of  camphors. 

An  important  series  of  alcohols  and  their  derivatives,  from  amylic  alcohol 
downwards ;  as  extensive  a  series  of  ethers,  including  those  which  give  their 
peculiar  flavour  to  our  choicest  fruits ;  the  formic,  butyric,  succinic,  lactic, 
and  other  acids,  together  with  other  important  organic  bodies,  are  now 
capable  of  artificial  formation  from  their  elements,  and  the  old  barrier  divi- 
ding organic  from  inorganic  bodies  is  broken  down.  To  the  power  which 
mankind  may  ultimately  exercise  through  the  light  of  synthesis,  who  may 
presume  to  set  limits  t  Already  natural  processes  can  be  more  economically 
replaced  by  artificial  ones  in  the  formation  of  a  few  organic  compounds,  the 
'valerianic  acid,'  for  example.  It  is  impossible  to  foresee  the  extent  to 
which  Chemistry  may  not  ultimately,  in  the  production  of  things  needful, 
iopersede  the  present  vital  agencies  of  nature  ''  by  laying  under  contribution 
the  accumulated  forces  of  past  ages,  which  would  thus  enable  us  to  obtain  in 
a  small  manufactory,  and  in  a  few  days,  effects  which  can  be  realized  from 
present  natural  agencies,  only  when  they  are  exerted  upon  vast  areas  of 
land,  and  through  considerable  periods  of  time  *." 

«  FtankUad,  Lecture,  Royal  InstitutioD,  May  28, 1858. 
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8ioee  NIdpoe,  Henehel,  Fox  Talbot,  and  Daguerre  bud  the  fodndattont 
of  Photography,  year  by  year  some  improvement  ia  made»  some  advance 
achieved,  in  this  most  subtle  application  and  combination  of  discoveriea  in 
Photioity,  Electricity,  Chemistry,  and  Magnetism. 

Last  year  M.  Poiteven's  production  of  plates  in  relief,  for  the  purpose  of 
engraving  by  the  action  of  light  alone,  was  cited  as  the  latest  marvel  of 
photography.  This  year  has  witnessed  photographic  printing  in  carbon. 
M.  Pretsehi's  method  is  as  follows  : — 

**  A  photograph  or  engraving  is  placed  on  the  prepared  plate,  and  a  nega- 
tive taken  in  sun-light  The  glass  is  then  placed  in  water  with  a  little 
alcohol,  and  the  darkened  parts  are  rendered  soluble,  while  the  other  parts 
are  insoluble,  so  that  in  a  few  minutes  we  have  a  picture  represented  not 
only  by  light  and  shadow,  but  by  the  unequal  thickness  of  the  gelatine  on 
the  glass.  When  the  plate  is  dry,  soft  gutta-percha  is  pressed  upon  the 
picture  till  it  hardens.  The  gutta-percha  has  consequently  an  image  the 
reverse  of  the  first.  After  rubbing  it  over  with  bronse  powder  or  black<p 
lead,  it  is  placed  in  a  solution  of  sulphate  of  copper,  and  an  electrotype  plate 
taken  fVom  it,  in  the  usual  way,  with  a  voltaic  battery.  From  this  plate 
others  can  be  readily  taken,  and,  as  in  ordinary  copperplate  printing,  thou* 
sands  of  copies  can  be  thrown  off.  ^  By  this  process,'  says  Mr.  Hunt, '  pic- 
tures, in  which  the  most  delicate  details  are  very  faithfully  preserved,  and 
the  nice  gradations  in  light  and  shadow  maintained  in  all  their  beauty,  ave 
now  printed  from  the  electrotype  plate,  obtained  fVom  the  photograph.  The 
process  of  photo-gal vanography  is  evidently  destined  to  take  a  very  higli 
position  as  a  means  of  preserving  the  beauties  of  nature  and  art.' " 

M.  Nidpce  de  St.  Victor  has  succeeded  in  reproducing  the  colour  of  the 
original  on  metallic  plates ;  though  he  cannot  fix  it.  Unfortunately  tfaeae 
lovely  *  heliochromes '  vanish  like  the  breath  from  the  mirror. 

M.  Delarue  has  obtained  photographs  of  the  moon  in  which  the  details  of 
its  illuminated  surface  are  well  defined — the  cone  in  *  Tyeho,'  the  doable 
cone  in  <  Copernicus,'  and  even  the  ridge  of  *  Aristarchus.'  A  pkotograpk 
of  the  planet  Jupiter  has  been  obtained  in  which  the  belts  are  very  wdl 
marked  and  the  satellites  distinct 

The  portrait  of  a  13-inch  shell  has  been  secured  while  in  full  flight,  a  few 
feet  after  it  left  the  mortar ;  and,  in  effecting  this,  Mr.  Scaife  has  obtained 
a  representation  of  phenomena  in  the  development  of  the  smoke  too  trans* 
itory  for  the  eye  to  ascertain  when  they  occur.  The  photographic  eye  is,  in 
fact,  more  sensitive  than  the  living  one :  it  can  receive  and  register  irapres« 
sions  too  fine  for  human  vision,  until  made  visible  by  increased  light  and 
developing  agents.  Hence,  photography  may  superadd  a  new  defining  fune? 
tion  to  the  highest  attainable  telescopic  power* 

Photography  is  now  a  constant  and  indispensable  servant  in  certain  im» 
portant  meteorological  records.  Applied  periodically  to  living  {dants,  photon 
graphy  supplies  the  botanist  with  the  easiest  and  best  data  for  judging  of 


Digitized  by  VjOOQIC 


ABSBMS.  tzli 

ihmr  rmfte  of  growtli.  It  givet  to  the  loologift  aoeonUe  repMtentatioiis  of 
the  meet  eomplex  of  his  tubjeets,  and  of  their  organixation,  even  to  micro^ 
•eopie  details. 

Hie  engineer  at  home  ean  aaoertain  by  photographs  transmitted  by  sno- 
eessive  mails  the  weekly  progress,  brick  by  briok,  board  by  board,  nail  by 
nail,  of  the  most  complex  works  on  the  Indian  or  other  remote  rail-roads. 
The  physician  etm  register  every  physiognomic  phase  accompanying  the 
aocess,  height,  decrease,  and  passing  away  of  mental  disease. 

The  humblest  emigrant  may  carry  with  him  miniatures,  such  as  Dow  conld 
not  have  equalled  in  the  perfection  of  their  finish,  of  scenes  and  persons 
which  will  recall  and  revive  the  dearest  affections  of  the  home  he  has  left. 

In  its  lowest  application  photogn^phy  becomes  an  instrument  of  the 
criminal  police. 

The  first  practical  application  of  th^  electro»magnetie  discovery  was,  as  it 
should  be,  to  the  direct  service  of  the  philosophic  inquirer :  it  was  such  an 
applioaftion  of  a  delicate  compass-needle  as  would  show,  by  its  deflection, 
the  strength  of  the  voltaic  current.  The  possession  of  Schweigger's  <  gal* 
vanometer '  enabled  the  philosopher  henceforth  to  detect  and  measure  the 
Biinatest  eleetro^ynamic  actions.  It  led  to  the  discovery  by  Seebeek 
of  the  oonversion  of  heat  into  that  kind  of  action ;  in  short,  of  thermo- 
electridty. 

On  Faraday's  demonstration — the  cooverse  of  Oersted's — ^that  magnetism 
eould  produce  electricity,  and  on  the  brilliant  series  of  discoveries  of  that 
most  eiemplary  investigator  of  natural  law%  I  need  not  dwell,  in  the  pr^ 
seoee  of  ao  many  who  are  bettor  qualified  than  myself  to  comprehend  and 
illastrate  them. 

Remote  as  such  profound  oonceptions  and  subtle  trains  of  thought  seem 
to  be  firom  the  needs  of  every«day  life,  the  most  astounding  of  the  practical 
augmentations  of  man's  power  has  sprung  out  of  them.  Nothing  might 
seem  leas  promising  of  profit  than  Oersted's  painfully-pursued  experiments, 
with  hia  little  magnets,  voltaio  pile,  and  bits  of  copper-wire.  Yet  out  of 
these  ban  come  the  electric  telegraph  I  Oersted  himself  saw  such  an  appU- 
oatioB  of  his  convertibility  of  electricity  into  magnetism ;  and  Schilling  suo- 
oessfully  applied  the  principle  to  the  instantaneous  communication  of  signs 
through  distances  of  a  few  miles.  The  unrivalled  resources  of  Wheat- 
stone's  inventive  genius  have  made  it  practicable  for  all  distances^  as  we 
have  lately  seen  in  the  submergence  and  working  of  the  electro»magnetic 
cord  connecting  the  Old  with  the  New  World. 

Whoever  has  been  engaged  in  the  delioato  physical  and  chemical  expe- 
riments required  in  the  present  state  of  natural  philosophy,  will  know  how 
small  is  the  expectation  of  success  on  the  first  trial  of  a  new  experiment  in 
the  laboratory.  Only  the  experienced  manipulator  realizes  how  hard  it  is  to 
foresee  every  condition  requisite  for  success:  but  it  is  he  who  bears  the 
brav^t  heart  under  failures,  well  ivwured  that  through  them  are  acquired 
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the  conditions  of  succeasy  and  that  every  cause  of  failure,  well  ascertained. 
Is  an  encouragement  to  the  repetition  of  the  triaU  Every  practical  phy- 
sicist, therefore,  was  prepared  to  expect  a  certain  number  of  instructive 
failures  in  the  attempt  to  carry  out  the  grandest  philosophical  experiment 
on  record — the  most  stupendous  which  mortal  mind  ever  ventured  to  pro- 
pose to  itself.  Our  surprise  is,  that  the  failures  were  so  few, — the  success 
so  speedy.  But  the  persevering  and  determined  men  who  achieved  this 
success,  temporary  as  it  has  been,  were  animated  by  the  spirit  in  which  Lord 
Bacon  tells  us  experimental  philosophy  should  be  entered  upon: — "For 
there  b  no  comparison,*'  he  writes,  "  between  that  which  we  may  lose  by 
not  trying  and  by  not  succeeding ;  since  by  not  trying  we  throw  away  the 
chance  of  an  immense  good,  by  not  succeeding  we  only  incur  the  loss  of  a 
little  human  labour." 

On  the  6th  of  August,  1858,  the  laying  down  of  upwards  of  2000  nautical 
miles  of  the  telegraphic  cord,  connecting  Newfoundland  and  Ireland,  was 
successfully  completed ;  and  shortly  after,  a  message  of  thirty-one  words  was 
transmitted  in  thirty-five  minutes  along  the  sinuosities  of  the  submerged  hilb 
and  valleys  forming  the  bed  of  the  great  Atlantic  This  first  message 
ended  by  expressing — "Glory  to  God  in  the  highest:  on  Earth 
Peace,  Goodwill  towards  Men."  Never  since  the  foundations  of  the 
world  were  laid  could  it  be  more  truly  said,  "  The  depths  of  the  sea  praise 
Him  I" 

More  remains  to  be  done  before  the  far-stretching,  thought-bearing  engine 
ean  be  got  into  full  working  order;  but  the  capital  fact,  viz.,  the  practica- 
bility of  bringing  America  into  electrical  communication  with  £urope  has 
been  demonstrated ;  consequently  a  like  power  of  instantaneous  interchange 
of  thought  between  the  civilized  inhabitants  of  every  part  of  the  globe 
becomes  only  a  question  of  time.  The  powers  and  benefits  thence  to  ensue 
for  the  human  race  can  be  but  dimly  and  inadequately  foreseen.  Some 
results  stand  out  more  prominently  than  others. 

The  investigator  of.  natural  laws  manifests  his  success  by  the  degree  in 
which  he  elicits  and  substitutes  latent  natural  force  for  manual  labour  in  effect- 
ing his  purpose.  Sennacherib,  as  we  see  on  the  slabs  from  Nineveh,  added  the 
lever  to  traction  in  the  transport  of  the  colossal  symbolic  statues  of  his  majesty ; 
but  the  power  by  which  he  worked  both  mechanical  adjustments  was  slaves 
stimulated  by  the  stick.  Hundreds  of  human  beings  were  sacrificed  in  the 
operation.  Watt  achieved  an  equal  effect  by  the  scientific  eduction  and 
direction  of  the  latent  force  contained  in  a  few  pounds  of  coaL 

If  this  test  be  applied  to  the  present  state  of  the  science  of  governing 
peoples,  it  would  seem  to  show  but  little  progress  therein.  The  conscription 
committee  of  France  for  1858  proposed  a  levy  of  100,000  men,  because 
less  would  not  suffice  to  keep  up  the  requisite  army  of  500,000  men  ; 
Europe  being  at  peace.  Even  the  United  States  of  America  have  pro- 
gressively increased  their  standing  army  to  a  present  total  of  17»000  men. 
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The  pfobability  of  a  further  augmentatioD  of  the  military  force  of  the 
Federal  GovernineDt,  in  reference  to  a  possible  rupture  with  the  Mother^ 
country,  must  be  greatly  diminished  by  an  ocean  telegraph.  And  we  may 
confidently  hope  that  this  and  other  applications  of  pure  science  will  tend  to 
abolish  wars  orer  the  whole  earth ;  so  that  men  may  come  to  look  back 
upon  the  trial  of  battle  between  mUunderstanding  nations,  as  a  sign  of  a 
past  state  of  comparative  barbarism ;  just  as  we  look  back  from  our  present 
phase  of  civilization  in  England  upon  the  old  border* warfare* 

Bacon,  commenting  on  the  History  of  the  Works  of  Nature,  as  it  presented 
itself  to  him,  describes  it  as  a  chaos  **  of  fables,  antiquities,  quotations, 
frivolous  disputes,  philology,  ornaments,  and  table-talk."  Since  his  day  the 
chief  steps,  by  which  Natural  History  has  advanced  to  the  dignity  of  a 
science,  are  associated  with  the  names  of  Ray,  Linneeus,  Jussieu,  Buffon,  and 
Cuvier. 

By  the  two  former  the  phenomena  were  digested  and  classified,  according 
to  artificial  but  conveniently  applicable  methods  ;  of  necessity  the  precursors 
of  systems  more  expressive  of  the  natural  affinities  of  plants  and  animals. 

To  perfect  the  natural  system  of  plants  has  been  the  great  aim  of  botanists 
since  Jussieu.  To  obtain  the  same  true  insight  into  the  relations  of  animals 
has  stimulated  the  labours  of  zoologists  since  the  writings  of  Cuvier.  To 
that  great  man  appertains  the  merit  of  having  systematically  pursued  and 
applied  anatomical  researches  to  the  discovery  of  the  true  system  of  distri- 
bution of  the  animal  kingdom :  nor,  until  the  Cuvierian  amount  of  zootomical 
science  had  been  gained,  could  the  value  and  importance  of  Aristotle's 
*  History  of  Animab '  be  appreciated.  The  Greek  philosopher,  in  this  de- 
partment of  science,  had  advanced  far  beyond  his  systematic  depreciator. 
Bacon,  who  could  not,  in  fact,  in  the  then  state  of  natural  knowledge,  com- 
prehend his  discoveries.  Such  was  the  low  state  of  Zoology  in  the  in- 
terval between  Aristotle  and  Cuvier,  that  there  is  no  similar  instance,  in 
the  history  of  science,  of  the  well-lit  torch  gradually  growing  dimmer  and 
smouldering  through  so  many  generations  and  centuries  before  it  was  again 
fimned  into  brightness,  and  a  clear  view  regained,  both  of  the  extent  of 
ancient  discovery,  and  of  the  true  course  to  be  pursued  by  modem  research. 

Rapid  and  right  has  been  the  progress  of  Zoology  since  that  resumption. 

Not  only  has  the  structure  of  the  animal  been  investigated,  even  to  the 
minute  characteristics  of  each  tissue,  but  the  mode  of  formation  of  such 
constitoents  of  organs,  and  of  the  organs  themselves,  has  been  pursued  from 
the  germ,  bud,  or  egg,  onward  to  the  maturity  and  decay  of  the  individual. 

To  the  observation  of  outward  characters  is  now  added  that  of  inward 
organization  and  developmental  change,  and  Zootomy,  Histology,  and  Em- 
hryok^y  combine  their  results  in  forming  an  adequate  and  lasting  basis  for 
the  higher  axioms  and  generalizations  of  Zoology  properly  so  called. 

Three  principles,  of  the  common  ground  of  which  we  may  ultimately 
obtain  a  dearer  insight,  are  now  recognized  to  have  governed  the  construe- 
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tion  of  aDimals :— unity  of  plan,  vegetatiye  repetition,  and  fitness  for  purpose. 
The  last,  alone,  has  of  late  been  questioned:  but,  in  reference  to  such  struc- 
tures as  are  exemplified  by  the  flood-gates  of  the  heart  and  the  lens  of  the 
eye,  I  find  my  own  powers  of  conception  and  expression  such  as  to  leave  me 
no  other  mode  of  understanding  myself,  or  of  being  intelligible  to  others, 
than  by  using  the  terms  <aim,'  •  end,'  *  purpose,'  or  *  design,'  in  regard  to  the 
relation  of  the  first  instanced  structure  to  the  course  of  the  blood  in  the 
circulatory  system ;  and  of  the  second  to  the  convergence  of  light  in  the  act 
of  vision. 

The  independent  series  of  researches  by  which  students  of  the  Articulate 
animals  have  seen,  in  the  organs  performing  the  functions  of  jaws  and  limbs 
of  varied  powers,  the  same  or  homotypal  elements  of  a  series  of  like  seg- 
ments constituting  the  entire  body,  and  by  which  students  of  the  Vertebrate 
animals  have  been  led  to  the  conclusion  that  the  maxillary,  mandibular^ 
nyoid,  soapular,  costal  and  pelvic  arches,  and  their  appendages  sometimes 
forming  limbs  of  varied  powers,  are  also  modified  elements  of  a  series  of 
essentially  similar  vertebral  segroents,-^mutually  corroborate  their  respective 
conclusions.  It  Is  not  probable  that  a  principle  which  is  true  for  Arikmhaa 
should  be  false  for  Fsr/efrfioto  !  the  less  probable,  since  the  determination  of 
homologous  parts  becomes  the  more  possible  and  sure  in  the  ratio  of  tbti 
perfection  of  the  organisation. 

The  last  proposition  may  be  tested  by  a  study  of  any  single  set  of  organs 
with  a  view  to  determine  their  homologies. 

Take,  for  instance,  the  teeth,  or  the  organs  properly  so  called,  which  IM« 
peculiar  to  the  vertebrate  anUnals.  One  cannot  trace  any  particular  tooth, 
as  one  may  a  bone,  from  Fish  to  Fish  i  they  are  too  numerous  and  too  ani- 
form.  In  Reptiles  we  may  point  to  the  maxillary  poison-tootii  of  a  Rattie- 
snake  as  answering  to  that  in  a  Cobra ;  the  bomologieal  relations  of  Uie 
teeth  being  only  predicable  in  a  genend  way,  as  premaxilkry,  maxillary^ 
mandibular,  palatine,  in  the  rest  of  that  class.  But  when  we  come  to  tlM 
Mammalia,  we  find,  save  ki  a  few  inferior  groups  resembling  fishes  (e.  g. 
Ceiae§d)  or  resembling  reptiles  (Bruta)^  that  the  teeth  have  such  deter- 
minate  characters,  from  relative  position  and  development,  as  to  enaMe  the 
anatomist  to  trace  each  individual  tooth  from  species  to  species,  and  indicate 
it,  throa^iout  that  large  proportion  of  the  class  which  has  been  called 
^  diphyodont,'  by  a  determinate  name  and  symbol. 

And  here  I  would  repeat,  what  I  have  elsewhere  expressed,  that  each  yesr^e 
experience  strengthens  the  conviction  that  the  right  and  quick  progress  of  the 
knowledge  of  animal  structures,  and  of  the  axioms  deducible  therefrom,  w\\\ 
be  mainly  influenced  by  the  determination  of  homologies  and  by  the  conoo^ 
mitant  power  of  condensing  the  propositions  relating  to  homologized  parts, 
by  means  of  definite  single  substantive  names,  and  their  equivalent  signs  oi^ 
symbols. 

In  my  work  on  the  <  Archetype  of  the  Skeleton,'  I  have  denoted  most  of  the 
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feonet  bf  httmerals,  vhicb,  when  adopted,  tnay  take  ihe  place  of  tiamcd ;  for 
then  all  propositions  respecting  the  centrum  of  the  occipital  vertebra  might 
be  predicated  of '  1 '  as  intelligibly  as  of  <  basioccipital/  The  name  appears 
lo  be  now  generally  accepted,  and  why  not  the  symbol  ?  The  symbols  of 
Ae  teeth  are  as  definite  as  those  of  the  bones ;  and,  in  the  absence  of  single 
mnnes,  more  useful,  since  they  render  unnecessary  the  repetition  of  the  com« 
pound  deflnitiotts ;  they  harmonize  conflicting  synonyms,  serve  as  a  universal 
language  and  express  the  writer's  meaning  in  the  fewest  and  clearest  terms. 
The  entomologist  has  realised  the  advantage  of  signs,  such  as  ^,  $,  ftc  for 
male,  female,  neuter,  and  the  like ;  and  the  time  is  come  when  the  anatomist 
may  avail  hltnself  of  Uiis  powerful  instrument  of  thought,  instrtietion,  and 
discovery^  from  which  the  chemist,  the  astronomer,  and  the  mathematiciftn 
have  obtained  such  important  resttlts. 

To  Willltm  ShUrp  Macleay,  author  of  the  <  Horm  Rntomologicee/  belongs 
the  merit  of  first  clearly  defining  and  exemplifying,  in  regard  to  the  similarities 
observable  between  di£fbrent  animals,  the  distinction  between  those  thAt  in* 
dicate  'affinity'  and  thofte  that  indicate  *  analogy'  or  representation.  Thhi 
distifletioa  has  been  weO  illustrated  by  Vigors  in  the  class  of  Birds,  and  has 
been  ably  discdftsed  by  Swainson  in  reference  to  other  classes  of  animals* 

*  Afllnity,'as  first  defined  by  Macleay  in  contradistinoiion  fVom  'atialogy,' 
signifies  the  relationship  which  one  animal  bears  to  another  in  Iti  Struc* 
tore,  and  Is  the  doser  as  the  simflarity  of  structure  is  greater.  Swainson 
iUostrste«  this  idea  by  comparing  a  goatsucker  with  a  swallow  And  with  i 
bat:  with  the  one  its  relation  is  inHmaki  with  the  other  mnoUt  the  goat- 
sucker baa  affinity  with  the  swallow,  analogy  to  the  bat 

But  the  idea  of  the  foregoing  intimate  relation  of  entire  animalsi  eaHed 
« affinity/  is  different  fnm  the  idea  of  the  answerable  relation  of  parts  of 
odmak  called  <  homology.'  Animals,  however  intimately  <  affined,'  are  never 
the  aatne  in  the  sense  in  which  homologous  parts  are  so  esteemed :  they 
coold  nerer  be  called  by  the  same  name,  in  the  way  or  sense  in  which  a  bone, 
lor  ezalnple,  of  the  fore-limb,  is  called  *  humerus '  in  the  goatsucker^  swallow^ 
and  bat. 

There  i0»  indeed,  a  sameness  in  the  idea  of  *  analogy,'  as  applied  by  the 
Zoologiat  to  animals,  and  by  the  Anatomist  to  their  parts.  The  goatsucker  le 
related  by  analogy  to  a  bat,  because,  as  Mr.  Swainson  remarks,  **  it  flies  at  the 
same  hour  of  the  day,  and  feeds  in  the  same  manner} "  and  the  membranous 
tingof  the  bat  isanalogoasto  the  membranous  parachute  of  the  dragon,  because 
it  serves  to  sustain  the  body  in  the  air.  That  is  to  say,  *  ftinction  '—ft  shnikr 
icIatioiMliip  to  a  terthim  quid — in  the  above  instance  airr-is  the  groundwork 
for  predieatihg  analogies  in  regard  to  parts  as  well  as  wholes ;  more  eqpe- 
eiaHy  when,  as  hi  the  case  of  the  wings  of  the  dragon  and  bat^  they  are  not 
komc^ogous  parts. 

The  ctady  of  homologous  parts  in  a  single  system  of  organs — the  bonef 
«*haa  maiaiy  led  to  the  recognition  of  the  plan  or  archetype  of  the  highest 
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primary  group  of  animaK  the  Vertehrata.  The  next  atep  of  importance  will 
be  to  determine  the  homologous  parts  of  the  nervous  system,  of  the  muscular 
system,  of  the  respiratory  and  vascular  system,  and  of  the  digestive,  secre- 
tory, and  generative  organs  in  the  same  primary  group  or  province.  I  think 
it  of  more  importance  to  settle  the  homologies  of  the  parts  of  a  group  of 
animals  constructed  on  the  same  general  plan,  than  to  speculate  on  such  re- 
lations of  parts  in  animals  constructed  on  demonstratively  distinct  plans  of 
organization.  What  has  been  e£Pected  and  recommended,  in  regard  to  homo- 
logous parts  in  the  VertebrcUOy  should  be  followed  out  in  the  Artieulaia  and 
MoUusca, 

In  regard  to  the  constituents  of  the  crust  or  outer  skeleton  and  its  append- 
ages in  the  ArticukUOy  homological  relations  have  been  studied  and  deter- 
mined to  a  praiseworthy  extent,  throughout  that  province. 

The  same  study  is  making  progress  in  the  Mollusea ;  but  the  grounds  for 
determining  special  homologies  are  less  sure  in  this  subkingdom.  The 
vegetative  functions  here  predominate;  and  just  as  the  organs  of  these  func- 
tions are  less  satisfactory  subjects  of  homological  determination  than  those  of 
the  animal  functions  in  the  Vertebrate  province,  so  the  Molluscous  province 
is  a  less  favourable  field  for  homological  demonstrations  than  either  the 
Articulate  or  Vertebrate  provinces,  in  which  the  animal  functions  predomi- 
nate over  the  vegetativor 

So  far  as  homologies  can  be  determined,  within  the  limits  in  which  such 
determination  can  be  most  satisfactorily  carried  out,  the  foundation  will  be 
securely  laid  for  a  superstructure  of  higher  generalizations  in  regard  to  parts 
homological  or  answerable  throughout  the  animal  kingdom  generally. 

The  present  state  of  homology  in  regard  to  the  ArHcuUUa  has  sufficed 
to  demonstrate  that  the  s^ment  of  the  crust  is  not  a  hollow  expanded  homo- 
logue  of  the  segment  of  the  endoskeleton  of  a  vertebrate.  There  is  as  little 
homology  between  the  parts  and  appendages  of  the  segments  of  the  Verte- 
brate and  Articulate  skeletons  respectively.  The  parts  called  mandibles, 
maxillae,  arms,  legs,  wings,  fins,  in  Insects  and  Crustaceans,  are  only  *  analo- 
gous '  to  the  parts  so  called  in  Vertebrates. 

To  express  finitely  the  clear  deideas  now  possessed  of  their  essential  di- 
stinction, will  require  a  distinct  nomenclature.  The  same  remark  is  appli-^ 
cable  to  other  systems  of  organs.  The  so-called  <  lungs '  of  the  spider  are 
analogous  to,  not  homologous  with,  our  Mungs : '  the  tracheae  of  insects  are 
not  homologous  with  the  bird's  trachea  and  its  ramifications :  the  gills  of 
the  lobster  are  not  the  homologous  parts  of  the  gills  of  fishes.  No  compara- 
tive anatomist  now  supposes  that  the  heart  of  the  lobster  is  homologous  witb 
that  of  a  fish  ;  or  either  of  these  organs  with  the  heart  of  a  snail.  The  name 
in  each  group  is  simply  expressive  of  similarity  of  function,  and  of  connexions 
limited  by  and  solely  related  to  such  function,  as  of  the  heart  with  a  vein 
and  an  artery.  A  most  extensive  field  of  reform  is  becoming  open  to  the 
homologist  in  that  which  is  essential  to  the  exactitude  of  his  science—^  no- 
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aenclature  equivalent  to  express  his  convictions  of  the  different  relations  of 
nmilitode.  Most  difficult  and  recondite  are  the  questions  in  face  of  which 
the  march  of  homology  is  now  irresistibly  conducting  the  philosophic  observer. 
Such,  for  instance,  as  the  following : — Are  the  nervous,  muscular,  digestive, 
ctrcolating  and  generative  systems  of  organs  more  than  functionally  similar 
in  any  two  primary  provinces  of  the  animal  kingdom  ?  Are  the  homologies 
of  entire  systems  to  be  judged  of  by  their  functional  and  structural  con- 
nexions, rather  than  by  the  plan  and  course  of  their  formation  in  the 
embryo? 

In  the  develi^ment  of  animals  the  vitellus  is  observed  to  have  different 
relations  to  the  embryo.  But  such  difference  is  not  always  or  absolutely 
associated  with  a  difference  of  plan  of  structure :  the  Cephalopods  show  a 
higher  development  of  the  same  fundamental  plan  of  structure  as  that  of  the 
Gasteropods,  but  the  vitelline  phenomena  of  their  development  resemble 
those  of  Vertebralu^  not  those  of  Oasterapoda. 

Even  in  the  last-named  restricted  molluscous  group  there  are  striking 
differences  in  the  vitelline  relations  of  the  embryo.  In  most  the  embryo 
early  encloses  the  vitelline  mass ;  in  some,  as  in  Limax^  much  later :  and 
there  is  what  may  be  termed  a  temporary  vitelline  sac. 

The  yolk  undergoes  a  complete  segmentation  in  placental  Mammals,  the 
embryo  of  which  is  formed  out  of  the  whole  vitelline  mass,  as  it  is  in  the 
whelk,  the  oyster  and  the  star-fish.  The  bird,  the  crocodile  and  the  cuttle- 
fish resemble  each  other  in  the  embryo  rising  out  of  the  yolk,  assimilating 
only  a  portion,  and  leaving  the  rest  as  an  appendage  until  the  period  of  birth, 
or  for  a  short  time  afler. 

It  may  be  doubted,  therefore,  if  embryology  alone  is  decisive  of  the 
question  whether  homology  can  be  predicated  of  the  alimentary  canal  in 
animals  of  different  primary  groups  or  provinces.  The  armadillo  (Das^pus) 
and  the  woodlouse  (Oniscus}  wre  good  subjects  for  illustrating  this  question. 
In  bothy  the  alimentary  canal  begins  at  the  fore  part  and  terminates  at  the 
hind  part  of  the  body :  in  both,  an  oesophagus  precedes  a  stomach,  as  this 
precedes  the  part  of  the  canal  receiving  the  biliary  secretion ;  in  both,  the  in- 
testine follows  to  terminate  at  the  vent. 

Besides  the  sameness  of  function,  the  homologist,  confiding  in  the 
diaracters  of  connexion  and  relative  position,  would  retain  the  names  *  ali- 
mentary canal,'  *  mouth,'  *  gullet,'  *  stomach,*  *  gut,'  to  express  his  ideas  of 
the  veritable  answerable  character  of  the  parts  compared  in  Oniscus  and 
Dti^fpus:  bnt  he  who  believes  embryology  alone  capable  of  affording  a  solid 
basis  for  determining  homologies*,  will  infer  that  the  different  relations  of 
the  yolk  and  the  intestine  in  the  embryos  of  the  vertebrate  and  articulate 

^  "  Embryology  affords  farther  a  test  for  homologies  in  contradistinction  to  analo- 
gin.  It  shows  that  tme  homologies  are  limited  respectively  within  the  natural  boundaries 
qC  the  great  hranches  of  the  animal  kingdom."— Agassiz,  Nat.  Hist,  of  the  United  States, 
4ts,  1857,  vol.  i  p.  86. 
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fipimals'*,  establish  that  the  so-called  alimentary  canal  U  an  e98eDtiaUy  difier* 
ent  part  in  the  mammal  and  the  insect. 

The  almost  annular  ossified  segments  of  the  skin  of  the  armadillo,  arranged 
so  as  to  overlap  and  allow  the  body  to  be  contracted  into  a  ball,  are,  on  the 
basis  of  connexions  and  relative  position,  homologous  with  the  almost  annu- 
lar chitipous  segments  of  the  skin  of  the  wood-louse,  which  present  the  same 
arrangement  for  permitting  that  insect  to  roll  itself  into  a  ball.  B^t,  accord- 
ing to  the  embryological  basis,  there  can  be  no  true  homology  between  the 
parts  compared ;  this  relation  being  limited  respectively  within  the  natural 
boundaries  of  the  gres^t  branches  of  the  animal  kingdom. 

The  zoologist  may  learn  from  the  above  instances  the  phase  a^  which  the 
philosophical  study  and  comparison  of  animal  structures  has  now  arrived^ 
and  I  shall  not  pursue  the  disquisition  further  on  the  present  occasion. 

It  is  significant,  however,  of  the  lower  value  of  embryological  characters^  to 
note  that  the  great  leading  divisions  of  the  animal  kingdom,  based  by  Cuvier 
on  comparative  anatomy,  have  merely  been  confirmed  by  Von  Baer's  later 
developmental  researches.  And  so,  likewise,  with  regard  to  some  of  the 
minor  modifications  of  Cuvier's  provinces,  the  true  position  of  the  Cirripedia 
was  discerned  by  Straus  Durkheim  and  Madeay,  by  the  light  of  anatomya 
before  the  discovery  of  their  metamorphoses  by  Thomson. 

If,  however,  embryology  has  been  over- valued  as  a  test  of  homology,  the 
study  of  the  development  of  animab  has  brought  to  light  most  singular  and 
interesting  facts,  and  I  now  allude  more  especially  to  those  that  have  been 
summed  up  under  the   term  *  Alternate-generation/    '  Partbenogenesisi* 

*  Metagenesis,'  &c. 

John  Hunter  first  enunciated  the  general  proposition  (many  pf  the  facts 
being  known  long  before  his  time),  that ''  the  propagation  of  plants  depended 
on  two  principles,  the  one  that  every  part  of  a  vegetable  is  '  a  whole,'  so  that 
it  is  capable  of  being  multiplied  as  far  as  it  can  be  divided  into  distinct 
parts ;  the  other,  that  certain  of  those  parts  become  reproductive  organs,  and 
produce  fertile  seeds.*'  Hunter  also  remarked  that ''  the  first  principle  ope- 
rated in  many  animals  which  propagate  their  species  by  buds  or  outtii^s ; " 
but  that,  whilst  in  animab,  it  prevailed  only  in  <*  the  more  imperfect  orders^** 
it  operated  ip  vegetables  "  of  every  degree  of  perfection."  He  suggestively 
remarks,  however,  that   'Uhose  degrees  are  few  in  comparison  with  the 

*  animal,'  and  that  the  least  perfect  '  aniipal'  is  probably  op  a  par  with  the 
most  perfect  *  vegetable^ .* "  Subsequent  progress  has  shown  that  what 
seemed  « probable'  when  Hunter  wrote  is  not  exactly  true.  The  special 
conditions  of  organisms  or  living  things,  which  we  call  'vegetable'  and 

*  animal,'  rise  by  degrees  and  divei^e  from  a  general  organic  character  or 

*  "  TUe  alimentary  canal  is  formed  in  a  very  diflferent  way  in  the  embryos  of  the  two 
typea ;  and  it  would  be  as  unnatural  to  identify  them,  as  it  would  be  still  to  oonaider  giU« 
and  lungs  as  homologous  among  Vertebrata.''— Agassiz^  qp^  4nt.,  p.  86. 

t  Physiol.  Catal.,  p.  5. 
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bpais:  fund  tbe  degree  of  progress  at  which  ^animality'  can  be  predtcatedi 
is  '  OD  a  par'  with  that  at  which  *  vegetality'  can  be  predicated.  Then  follow 
other  steps  of  ooniplezitj>  by  which  plants  and  animals  diverge  from  each 
other  as  they  rise  iu  the  scale  of  perfection. 

The  experiments  of  Trembley  on  the  freshwater  polype,  those  of  Spal- 
laosani  on  the  Naiads,  and  those  of  Bonnet  on  the  Aphides,  had  brought  to 
light  the  phenomena  of  propagation  by  fission,  and  by  gemmation  or  buds, 
external  and  internal,  in  animals,  to  which  Hunter  refers.  Subsequent  research 
has  shown  the  unexpected  extent  to  which  Hunter*s  first  principle  of  pro- 
pagation in  organic  beings  prevails  in  the  animal  division.  But  the  earliest 
formal  supersession  of  Harvey's  axiom,  *  omiie  vivum  ab  ovo,'  appears  to  be 
Hunter  8  proposition  of  the  dual  principle  above  quoted.  Bacon  readily 
accepted,  as,  indeed,  it  was  congenial  with  his  physiological  philosophy,  the 
doctrine  current  in  his  day  of  tbe  spontaneous  origin  of  worms,  insects,  eels, 
and  other  '  creeping  things.*  But  this  doctrine  receives  no  countenance  from 
the  modification  of  the  Harveian  dictum  introduced  by  tbe  great  Englbh 
physiologist  of  the  hist  century. 

The  experiments  of  Redi,  Malpighi,  and  others,  had  progressively  con< 
traoted  the  field  to  which  the  <  generatio  sequivoca'  could  with  any  plausibility 
be  applied.  The  stronghold  of  the  remaining  advocates  of  that  old  Egyptian 
doctrine  was  the  fact  of  the  development  of  parasitic  animals  in  the  flesh, 
brain  and  glands  of  higher  animals*  But  tbe  hypothesis  never  obtained 
currency  in  this  country ;  it  was  publicly  opposed  in  my  <  Hunterian  Lec^ 
tores,'  by  the  fact  of  the  prodigious  preparation  of  fertile  eggs  in  many  of 
the  supposed  spontaneously  developed  species ;  and  in  then  suggesting  that 
tbe  *  Triekma  spiralis*  of  the  human  muscular  tissue  might  be  the  embryo 
of  a  larger  worm  in  course  of  migration,  I  urged  that  a  particular  investiga- 
tion was  needed  for  each  particular  species*.  Among  tbe  most  brilliant  of 
recent  acquisitions  to  this  part  of  physiology  have  been  the  discoveries  which 
have  resulted  from  such  special  investigations.  Kuchenmeister  and  Von 
Siebold  have  been  the  chief  labourers  in  this  field.  I  may  instance  a  few 
of  their  results. 

ne  ^  thread* worms'  (Fihria)  of  certain  insects,  which  present  no  trace 
of  sezuai  organs,  were  supposed  to  be  spontaneously  developed  in  those  in^ 
seeta.  The  little  worms  i|rere,  however,  by  special  and  due  research,  seen  to 
wind  their  way  out  of  the  caterpillars  they  infested.  Von  Siebold  placed 
these  free  Filarim  in  damp  earth,  into  which  they  soon  bored :  in  a  few 
weefc4  lie  found  that  the  sexual  organs  were  developed  in  them,  and  that 
they  laid  hundreds  of  eggs.  Early  in  spring  the  young  worms  were  hatched 
and  began  to  creep  about  Von  Siebold  took  some  young  caterpillars  of 
the  moUi  {Yponommtta  eucm^fmella)^  m  which  were  no  parasites :  he  placed 
them  in  the  soi^  earth  in  which  the  young  Ftlaria  had  been  hatched ;  and 
in  twenty-four  hours  most  of  the  caterpillars  were  infested  by  the  young 
*  Haaterisn  Leotives,  Nported  in  *  Msdiosl  Timei.' 
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thread-worms,  which  had  bored  their  way  through  the  sod  skin  into  their 
interior. 

The  long  hair-worm  of  fresh-waters  ( Gardius  aquaticus)^  vulgarly  cou- 
ceived  to  be  the  result  of  a  metamorphosis  of  the  hair  of  a  horse's  tail,  passes 
its  early  life  as  a  parasite  in  the  body  of  an  insect. 

But  many  entozoa  acquire  their  full  or  sexual  development,  not  as  free 
worms,  but  within  the  body  of  another  animal,  and  of  a  species  distinct  from 
that  in  which  they  had  passed  the  early  or  larval  stage  of  their  existence. 

The  trematode  parasite  of  a  water-fowl  produces  eggs,  from  each  of  which 
is  hatched  a  ciliated  infusorial-like  young.  These  young  escape  into  the 
water,  and  there  swim  about  by  their  vibratile  cilia,  like  Infusoria  ;  some  of 
them  enter  the  body  of  a  water-snail ;  but  they  are  merely  the  locomotive 
envelope  of  a  differently-shaped  smooth-skinned  organbm,  resembling  in  its 
simple  uniform  granular  structure  a  Gregarina ;  and  the  function  of  that 
ciliated  envelope  was  to  introduce  the  Gregarina  into  the  body  of  the  water- 
snail.  So  introduced,  the  growth  of  the  gregariniform  parasite  proceeds,  and  a 
progeny  is  seen  to  arise  in  its  interior,  by  the  development  of  several  of  the 
contained  germ-cells  into  embryos :  it  proves,  indeed,  to  be  a  mere  cyst  for 
such,  as  the  infusorial  larva  had  been  a  cyst  for  it.  The  embryos  gradually 
acquire  the  form  of  a  Cercaria,  These  escape  from  the  cyst,  bore  their  way 
out  of  the  snail,  and  disperse  themselves  as  free  swimming  tadpole-like 
animalcules  in  the  water.  No  sexual  organs  exist  in  these  '  CercaruB,*  any 
more  than  in  their  animated  ^coat*  the  Gregarina^  or  in  their  ciliated 
^great-coat*  the  infusorial  embryo.  After  the  larval  CercaritB  have  passed 
some  time  in  the  water,  first  creeping  and  then  swimming  about  with  great 
restlessness,  they  either  enter  directly  the  body  of  a  water-fowl,  or  bore 
their  way  into  some  aquatic  insect,  or  they  may  fail  in  both  these  instinctive 
efforts  and  remain  in  the  water.  In  any  case  they  undergo  a  metamorphosis. 
The  Cercaria  gathers  itself  up  into  a  ball  and  exudes  a  mucous  secretion 
from  its  surface,  which  soon  hardens ;  and,  since  the  worm,  inside  this  mucous 
mass,  turns  round  without  stopping,  it  invests  itself  with  a  kind  of  egg-shell : 
during  this  process  the  tail  is  cast  off. 

Should  this  process  take  place  within  the  body  of  an  insect,  the  encysted 
Cercaria  might  be  introduced  into  the  body  of  an  insectivorous  bird  or  beast. 
In  the  act  of  digestion  by  the  engulpher  the  body  of  the  insect  is  destroyed, 
together  with  the  capsule  of  the  cercarian  pupa ;  but  this  by  virtue  of  its 
vitality  remains  unharmed,  and  is  thus  transplanted  into  a  sphere  fitted  for  its 
further  change  into  a  sexual  entozoon  of  the  Trematode  or  *  fluke-worm'  order. 

Then  again  commences  the  strange  and  complex  genetic  cycle  from  the 
Harveian  point — the  impregnated  ovum. 

Three  different  species  of  animal  may  contribute — two  are  essential — to 
the  successful  progress  of  the  ordinary  and  parthenogenetic  processes  of  pro- 
pagation manifested  by  the  three  distinct  forms  of  Infusory,  Gregarina  and 
Cercaria,  intervening  between  the  egg  and  the  perfect  parasitic  fluke-worm. 
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This  instance  (a  knowledge  of  which  is  due  chiefly  to  the  researches  of 
Voo  Siebold)  I  have  thought  it  requisite  to  quote,  in  order  to  convey  some 
idea  to  my  non-physiological  auditors  of  the  singular  complexity  of  powers 
and  arrangements  tending  to  the  ultimate  right  lodgement  and  well-being  of 
a  seemingly  insignificant  noxious  little  parasite. 

The  sum  of  the  recent  researches  on  the  generation  of  the  Entozoa  teaches 
that  to  the  success  in  life  of  the  majority  of  these  internal  parasites,  two 
different  species  of  much  higher  organized  animals  are  subservient ;  and  that 
theee  two  species  stand  in  the  relation  of  prey  and  devourer. 

The  habits  of  the  prey  favour  the  accidental  introduction  (as  when  a  slug 
crawls  over  the  droppings  of  a  thrush)  of  the  eggs  of  the  birds'  intestinal 
parasite.  These  are  hatched  in  the  slug.  The  slug  in  its  turn  is  devoured 
by  the  thrush ;  but  the  parasitic  passengers  are  not  digested — only  the  coach 
is  dissolved,  and  the  larvae,  thus  set  free,  find  in  the  warm  intestines  of  the 
bird  the  appropriate  conditions  for  their  metamorphosis  and  full  develop- 
ment 

In  like  manner,  the  Bhynchobotkria  of  a  cuttle-fish  are  the  larve  of  the 
TBtrarkynehus  or  four-tentaded  tape-worm  of  a  dog-fish.  The  encysted 
leilesa  Trumwphanu  of  the  liver  of  the  char  becomes  the  free  and  perfect 
Tritmopharus  of  the  gut  of  the  pike.  The  Liguia  of  a  herring  becomes  a 
Tama  only  when  introduced  into  the  interior  of  a  cormorant  The  bladder- 
worm  (C^sOcercus  fcuciolaris)  of  the  mouse's  Hver  becomes  the  tape-worm 
(Tania  crassicoUis)  of  the  cat  The  Ct/sticercus  pisiformis  of  the  liver  of 
the  hare  becomes  the  Ttenia  serrata  of  the  dog  and  fox. 

Dr.  Kiichenmeister  of  Zittau  first  proved,  experimentally,  by  feeding 
animials  with  Cysticerei  (Hydatids  of  the  flesh  and  glands  of  herbivorous 
animals},  that  they  became  T€BfiUB  (intestinal  tape-worms)  in  carnivorous 
animals*  The  results  of  these  instructive  experiments  were  published  in 
1851  *.  They  have  been  successfully  repeated,  amplified,  and  scientifically 
explained,  in  regard  to  every  particular  and  step  of  the  progress,  by  the 
indefatigable  and  accurate  Von  Siebold  f.  The  part  which  Parthenogenesis 
plays  io  the  changing  scenes  of  entozoal  life  is  acutely  diicemed  and  clearly 
explained  in  this  work. 

Since  the  time  when  it  was  first  dbcovered  that  plants  and  animals 
eoold  propagate  in  two  way^  and  that  the  individual  developed  from 
the  bud  might  produce  a  seed  or  egg,  from  which  also  an  individual 
might  spring  capable  of  again  budding, — since  this  alternating  mode  of 
generation  was  observed,  as  by  Chamisso  and  Sars,  in  cases  where  the 
budding  individual  differed  much  in  form  from  the  egg- laying  one— the 
subject  has  been  systematized:!:,  generalized,  with  an  attempt  to  explain  its 

•  Gmubiirg's  Zeitschrift  fur  Klinische  Vortrage,  1851,  p.  240. 
t  Ueber  die  Band-  und  Blasenwurmer,  &c.  Svo.  Leipzig,  1854. 
t  Steensimp  (J.)»  **  Ueber  den  Generationswechsel  oder  ^e  FortpflsDzung  darch  abwech- 
Gtneration,"  Kopenh.  1842.  Svo. 
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priqoiple*,  and  greatly  adyanoedt,  etpecially,  and  id  a  highly  interostiog 
manner,  in  Von  Siebold's  late  treatise,  entitled  '<  Wabre  Parthenogenetb  bei 
Sohmetterlingen  und  Bienen,**  in  which  the  yirgin-produotion  of  the  male  or 
drone-bee  is  demonstrated. 

Von  Siebold,  having  subjected  tb  the  closest  microscopic  scrutiny  and 
experiment  the  conclusion  to  which  the  practical  Bee-master  Dzierson  had 
arrived,  relative  to  the  cause  of  Queen-bees  with  crippled  wings  producing 
a  swarm  exclusively  of  drones,  has  demonstrated  that  the  male-bee  is  pro- 
duced from  an  egg  which  has  been  subjected  to  no  influence  save  that  of  the 
maternal  parent ;  whilst  such  egg,  if  impregnated,  would  have  produced  a 
female  or  worker-bee. 

Von  Siebold  has  established  the  same  most  interesting  phase  of  partheno- 
genesis  in  certain  Lqndapteray  e.  g.  Soknobia  lickenellay  S,  clathrMOf  Psyche 
kelixf  and  he  calls  this  phase  emphatically  '  true  parthenogenesis.' 

Bonnet's  famous  experiments  on  the  parthenogenetic  Aphides  have  been 
repeated  and  confirmed  by  myself^  and  others.  Hartig§  has  shown  the 
same  property  in  the  genera  Cynips  and  JpopkyUuSt  which  explains  the  fact 
of  the  appearance  of  Cynip$  hgnicola  in  vast  numbers  in  the  south-west  of 
England  during  the  present  and  preceding  summers,  but  all  of  the  female  sex. 
The  little  crustaceans  of  the  genus  Daphne  have  long  been  known  tq  produce 
agamic  eggs,  A  newly-hatched  female  isolated  in  a  tumbler  will  produce  a 
brood  of  the  same  sex,  whence  a  second  brood  will  issue,  to  perhaps  the  sixth 
generation.  Mr.  John  Lubbock,  in  an  admirable  paper  in  the  <  Philosophical 
Transactions'  for  1857,  has  repeated  the  experiments  of  Jurine,  and  added 
many  valuable  facts.  He  has  pointed  out  the  precise  relations  between  the 
agamic  and  ephippial  eggs.  The  young  from  any  one  brood  of  agamic  *egg« 
are  all  of  one  sex,  which  usually  is  female  s  but  in  one  instance  Mr,  Lubbook 
observed  that  they  were  all  males.  His  memoir  will  well  repay  a  eareful  ttady. 
I  had  previously  stated  the  grounds  for  concluding  that  there  was  no  essential 
distinction  between  buds  and  eggs,  and  for  anticipating  that  every  gradation 
would  be  found  between  them :  and  many  steps  in  that  series  have  hotik  since 
supply  by  Lubbock,  Leidy,  and  Von  Siebold. 

Gsertner  has  given  an  abridged  account  of  experiments,  showing  that 

*  Owair,  '<  On  PsrthsiiogeBeut,  or  the  Sueeeiiifs  Pfoduotioii  ef  Procratiipg  IndiviiUuik 
from  a  single  Ovum/'  8yo.  London,  1849. 

lb,  **  On  Metamorphosis  and  Metagenesis/'  8to.  1857. 

Prosch  (V),  "  Om  Parthenogenesis  og  Generationsvexel/'  ICiobenhavn,  1851. 

t  Lnhbock  (J.),  <•  An  Acoonnt  of  Two  Methods  of  Reproduction  in  Daphnia,"  Ac,  Phil. 
Trans.  1857,  p.  79. 

Garus  (J.  Victor),  "  Zor  niiheren  Kenntnissdet  Generationswechsels,''  Sto.  Leipsig,  1849. 

Leuckart  (K.),  *<  Ueber  Metamorphose  ongeschlechtliche  Vermehrung,  Generations- 
wechsel/'  Zeitschrift  fur  Wissensch.  Zoologie,  vol.  iu.  1851. 

Gegenbanr  (U.),  "  Zmr  Lehre  vom  Generationswechsel  und  der  Fortpflanznng  bei  Meduaen 
und  Po^ypsn,"  8vo.  Wurzburg,  1854. 

t  Partheno^eiiesis.  §  Germar's  Zeitachrift,  vol.  iL  p.  178. 
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fonie  planU  have  tbe  power  of  producing '  agamio'  or  fertile  but  uDpollenized 
feeds :  e«  g.  Zea  Mays^  Cannabis  sativas  Spi^Mcia  okracea^  Mercuriaks 
offUffa ;  and  if  doubt  may  yet  attend  the  results  of  the  experiments  on  these 
and  other  plants  which  Giertner  cites^  none,  I  believe,  is  now  entertained  by 
botanists  of  the  germinative  power  of  the  seeds,  independently  of  any  action 
of  pollen,  of  the  Ccelobogyne  iUc^folia*  This  plant,  a  native  of  Moreton  Bayi 
Australiai  is  dicecious  like  the  rest  of  the  order  (Euphorbiace^B)  to  which  it 
belongs.  A  female  plant  was  sent  to  the  Royal  Botanic  Gardens  at  Kew 
some  years  ago,  where  it  may  now  be  seen  in  full  vigour ;  but  year  after  year 
this  pistil-bearing  individual  has  formed  its  flowers  and  fertile  seeds  as  per** 
fectiy  reproductive  as  if  its  staminiferous  mate  was  blooming  in  the  next 
parterre.     No  male  plant  has  yet,  in  fact,  been  introduced. 

M.  Lebocq  has  recorded  in  the  *  Comptes  Rendus  de  TAoad.  des  Sciences/ 
Qec.  J  856,  the  same  phenomena  in  Trinia  vuigamfMenmrialis  annwh  and 
some  other  phmts. 

The  now  well- investigated  phenomena  of  parthenogenesis  in  Hydrazoa 
have  resulted  in  showing,  as  in  the  analogous  case  of  Eniozoa^  that  animals 
difiering  so  much  in  form  as  to  have  coustituted  two  distinct  orders  or  classes^ 
are  really  but  two  terms  of  a  cycle  of  metagenetic  transformations — the 
acalephan  Mfdum  being  the  sexual  locomotive  form  of  the  agamic  rooted 
budding  polype,  just  as  the  cestoid  Tasnia  is  of  the  cystic  Hydatid. 

In  Hgdrozoa  (Hydroid  Polypes  or  Sertularians)  the  young  are  propagated, 
as  10  plants,  by  <  buds,  and  also,  as  in  most  plants,  by  'germs'  or  *  seeds:' 
these  latter  are  contained  in  *  germ-sacs*  projecting  from  the  outer  surface, 
which  is  another  analogy  to  the  flowering  parts  of  plants.  The  germ-sac 
contains  either  bare-eyed  paedus^a,  or  medusoid  germs  in  small  closed  '  sporo« 
sacs.'  Both  medusB  and  medusoids  contain  either  the  eggs  or  the  pollen«* 
like  zoQsperms.  The  germ-sac  may  be  'simple'  or  'compound,'  the  latter 
containing  a  special  organ  or  process  of  the  '  cssnosarc,'  from  whose  sides 
bud  out  the  iporosacs  or  medussd. 

The  first  acquaintance  with  these  marvels  excited  the  hope  that  we  were 
«bout  to  penetrate  the  mystery  of  the  origin  of  diflerent  species  of  animals; 
but  as  &r  as  observation  has  yet  extended,  the  cycle  of  changes  is  definitely 
dosed*  And,  since  ope  essential  step  in  the  series  is  the  fertilized  seed  or  egg, 
the  Harveian  axiom, '  omae  vivum  ab  ovo,'  if  metagenetic  phases  be  ascribed 
to  one  individual,  may  be  still  predicated  of  all  organisms  which  bear  the 
oomistakeable  characters  of  Plants  or  of  Animals. 

The  closest  observations  of  the  subjects  of  these  two  kingdoms  most 
hvooraUe  to  dear  insight  into  the  nature  of  theur  beginning,  accumulate 
Sfridenee  in  proof  of  the  essential  first  step  being  due  to  the  protoplasmic 
matter  of  a  germ-cell  and  sperm-cell ;  the  former  pre-exiBting  in  the  form  of 
a  nucleus  or  protoplast,  the  latter  as  a  granulose  fluid.  In  flowering  plants 
it  is  conveyed  by  the  pollen- tube,  in  animals  and  many  flowerless  plants  by 
locomotive  spermatozoids. 
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In  regard  to  lower  living  things,  analogy  is  but  hazardous  ground  for  con- 
clusions. The  single-celled  organisms,  such  as  many  of  the  so-called  ani- 
malcules of  infusions,  which  are  at  a  stage  of  organization  too  low  for  a  definite 
transfer  to  either  the  vegetable  or  animal  kingdoms,  offer  a  field  of  obser- 
vation and  experiment  which  may  yet  issue  in  giving  us  a  clearer  insight 
into  the  development  of  the  organic  living  cell. 

Whether  an  independent  free-moving  and  assimilating  organism,  of  a 
grade  of  structure  similar  to,  and  scarcely  higher  than  the  *  germ-cell,'  may 
not  arise  by  a  collocation  of  particles,  through  the  operation  of  a  force  ana- 
logous to  that  which  originally  formed  the  germ-cell  in  the  ovarian  stroma, 
is  a  question  which  cannot  be  answered  until  every  possible  care  and  pains 
have  been  applied  to  its  solution. 

The  changes  of  form  which  the  representative  of  a  species  undergoes  in 
successive  agamically  propagating  individuals  are  termed  the  *  metagenesis* 
of  such  species.  The  changes  of  form  which  the  representative  of  a  species 
undergoes  in  a  single  individual  is  called  the  *  metamorphosis.'  But  thb 
term  has  practically  been  restricted  to  the  instances  in  which  the  individual, 
during  certain  phases  of  the  change,  is  free  and  active,  as  in  the  grub  of  the 
chaffer,  or  the  tadpole  of  the  frog,  for  example. 

In  reference  to  some  supposed  essential  differences  in  the  metamorphoses 
of  insects,  it  had  been  suggested  that  stages  answering  to  those  represented 
by  the  apodal  and  ao-ephalous  maggot  of  the  DipterUy  by  the  hexapod  larva 
of  the  Carabif  and  by  the  hexapod  antenniferous  larvae  of  the  Mdoe  were 
really  passed  through  by  the  orthopterous  insect,  before  it  quitted  the  egg*. 

Mr.  Andrew  Murray  t  has  recently  made  known  some  facts  in  confirma- 
tion of  this  view.  He  had  received  a  wooden  idol  from  Africa,  behind  the 
ears  of  which  a  Blatta  had  fixed  its  egg-cases,  after  which  the  whole  figure 
had  been  rudely  painted  by  the  natives,  and  these  egg-cases  were  covered  by 
the  paint.  No  insect  could  have  emerged  without  breaking  through  the  case 
and  the  paint ;  but  both  were  uninjured.  In  the  egg-cases  were  dbcovered, — 
1st,  a  grub-like  larva  in  the  egg ;  2nd,  a  cocoon  in  the  egg  containing  the 
un  winged,  imperfectly -developed  insect;  Srd,  the  un  winged,  imperfectly* 
developed  insect  in  the  egg^  free  from  the  cocoon,  and  ready  to  emerge. 

Such  observations  tending  to  remove  supposed  exceptions  and  anomalies, 
and  to  illustrate  and  establish  the  common  law  to  which  they  can  be  reduced, 
are  of  the  highest  value  in  Natural  History. 

Microscope. — The  microscope  is  an  indispensable  instrument  in  embryolo- 
gical  and  histological  researches,  as  also  in  reference  to  that  vast  swarm  of 
animalcules  which  are  too  minute  for  ordinary  vision.  I  can  here  do  little 
more  than  allude  to  the  systematic  direction  now  given  to  the  application  of 

*  Owen,  *'  On  Metamorphosis  and  Metagenesis/'  1851,  and ''  Lectures  on  Invertebrata," 
8vo,  1855,  p.  424. 

t  "  On  the  Metamorphosis  of  Orthopterous  and  Hemipterous  Insects,"  Bdinb.  Phil. 
Journal,  1858. 
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the  microsoope  to  particular  tissues  and  particular  claiises,  chiefly  due,  in 
this  country,  to  the  counsels  and  example  of  the  Microscopical  Society  of 
London. 

A  very  interesting  application  of  the  microscope  has  been  made  to  the 
particles  of  matter  suspended  in  the  atmosphere ;  and  a  systematic  continuation 
of  such  observations  by  means  of  glass  slides  prepared  to  catch  and  retain 
atmospheric  atoms,  promises  to  be  productive  of  important  results. 

We  now  know  that  the  so-called  red-snow  of  Arctic  and  Alpine  regions  is  a 
microscopic  single-celled  organism  which  vegetates  on  the  surface  of  snow. 

Cloudy  or  mbty  extents  of  dust-like  matter  pervading  the  atmosphere, 
such  as  have  attracted  the  attention  of  travellers  in  the  vast  coniferous 
forests  of  North  America,  and  have  been  borne  out  to  sea,  have  been  found 
to  consist  of  the  *  pollen '  or  fertilizing  particles  of  plants,  and  have  been 
called  ^  pollen  showers.' 

M.  Daneste*,  submitting  to  microscopic  examination  similar  dust  which 
fell  from  a  cloud  at  Shanghai,  found  that  it  consisted  of  spores  of  a  confervoid 
pknt,  probably  the  Trichodetmium  erythrcswny  which  vegetates  in,  and  im^ 
parts  its  peculiar  colour  to,  the  Chinese  Sea. 

Decks  of  ships,  near  the  Cape  de  Verd  Islands,  have  been  covered  by  such 
io-caUed  'showers'  of  impalpable  dust,  which,  by  the  microscope  of  Ehrenberg, 
has  been  shown  to  consist  of  minute  organisms,  chiefly  ^  Diatomacese.'  One 
sample  collected  on  a  ship's  deck  500  miles  off  the  coast  of  Africa,  exhilnted 
numerous  species  of  freshwater  and  marine  diatoms  bearing  a  close  resem- 
blance to  South  American  forms  of  those  organisms.  Ehrenberg  has  recorded 
numerous  other  instances  in  his  paper  printed  in  the '  Berlin  Transactions ; ' 
but  here,  as  in  other  exemplary  series  of  observations  of  the  indefatigable 
microscopist,  the  conclusions  are  perhaps  not  so  satisfactory  as  the  well- 
observed  data. 

He  speculates  upon  the  self-developing  power  of  organisms  in  the  atmo- 
sphere, affirms  that  dust-showers  are  not  to  be  traced  to  mineral  material 
from  the  earth's  surface,  nor  to  revolving  masses  of  dust  material  in  space, 
nor  to  atmospheric  currents  simply ;  but  to  some  general  law  connected  with 
the  atmosphere  of  our  planet,  according  to  which  there  is  a  '  self-development' 
within  it  of  living  organisms,  which  organisms  he  suspects  may  have  some 
relation  to  the  periodical  meteorolites  or  aerolites.  The  advocates  of  pro- 
gresave  development  may  see  and  hail  in  this  the  first  step  in  the  series  of 
ascending  transmutations.  The  unbiassed  observer  will  be  stimulated  by  the 
rtartling  hypothesis  of  the  celebrated  Berlin  Professor  to  more  frequent  and 
regular  examinations  of  atmospheric  organisms.  Some  late  examinations 
of  dost-showers  clearly  show  them  to  have  a  source  which  Ehrenberg  has 
denied.  Some  of  my  hearers  may  remember  the  graphic  description  by 
Her  Majesty's  Envoy  to  Persia,  the  Hon.  C.  A.  Murray,  of  the  cloud  of 
impalpable  red  dust  which  darkened  the  air  of  Bagdad,  and  filled  the  city 
*  Annales  des  Sciences  Naturelles,  B^r.  4.  Botaidqae,  t.  L  p.  81. 
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with  a  panic.  The  specimen  he  collected  was  exaodiiied  bj  tt\j  successor 
at  the  Royal  College  of  Surgeons,  Prof.  Quekett ;  and  that  experienced 
microscopist  could  detect  only  inorganic  particles,  such  as  fine  quartz  sand, 
without  any  trace  of  Diatomacese  or  other  organic  matter.  Dr.  1  awson  has 
obtained  a  similar  result  from  the  examination  of  the  material  of  a  shower 
of  moist  dust  or  mud  which  fell  at  Corfu  in  March  1857:  It  consisted  for 
the  most  part  of  minute  angular  particles  of  a  quartzose  sand. 

Here,  therefore,  is  a  field  of  observation  fof  the  microscopist,  which  has 
doubtless  most  int^esting  results  as  the  reward  of  persevering  research. 

Many  *  dust-showeta '  consist  in  greater  or  less  proportions  of  mitsroscopic 
organisms,  but  not  all.  To  determine  the  source  of  these  organisms  Is  the 
legitimate  aim  of  such  researches.  It  must  be  remembered,  also,  that  the 
expression  'spontaneously  dereloped'  in  the  atmosphere,  may  only  mean 
what  is  meant  when  it  was  formerly  applied  to  the  internal  parasites  of  matl 
and  animals,  viz.  Ignorance  of  the  true  mode  of  origin.  And  since  per- 
severing observation  and  experiment,  in  regaitl  to  tape-worms  and  ascarides, 
have  thrown  such  new  and  unexpected  light  upon  their  origin  and  migrations, 
so  the  like  result  may  reward  similar  labours  applied  to  the  parasitic  *  dust* 
showers '  of  the  atmosphere. 

Mkrogeology. — The  microscopic  organisms  hitherto  observed  in  the  oldest 
fossiliferons  deposits,  Silurian  Greensands,  for  instance,  ar^  spicula  of 
SjxmguB^  siliceous  PolycysHnetBy  and  calcareous  Foraminijkm. 

Ehrenberg  has  discovered  that  the  substance  of  the  greensands  In  stratified 
deposits,  flrom  the  Silurian  to  the  Tertiary  periods  inclusive.  Is  compost  of 
the  casts  of  the  interior  of  the  microscopic  shells  of  Poh/cysHnea  and  An»- 
ntmifera.  The  soundings  which  have  been  brought  up  Arom  various  parts 
of  the  Atlantic  and  the  Gulf  of  Mexico,  eonsist  chiefiy  of  similar  microscople 
polythalamous  shells,  mingled  with  a  greensand  composed  of  casts  of  Fora* 
minifira.  Thus  the  mode  in  which  a  deposit  was  made  at  the  bottom  of  the 
deep  primeval  ocean  of  the  Silurian  period,  is  illustrated  by  that  which  the 
microscope  has  demonstrated  to  take  place  under  similar  conditions  at  the 
present  day. 

The  earliest  indubitable  evidence  of  diatoms  has  been  obtained  from  the 
Eocene  strata ;  and  the  forms  here  determined  have  been  fbr  the  most  paft 
identified  with  existing  species.  Exotic  species  are  not  distinguishable  from 
the  British ;  difference  of  climate  seems  not  to  affect  or  relate  to  spedfid 
difference,  and  the  same  exemption  from  such  influence  through  the  mdmite 
size  and  simple  structure  of  the  Diatomaceae,  seems  ia  have  been  the  chief 
condition  of  their  geological  longevity  as  species. 

To  specify  or  analyse  the  labours  of  the  individuals  who  of  late  years  have 
contributed  to  advance  zoology  by  the  comprehensive  combination  of  the 
various  kinds  of  research  now  felt  to  be  essential  to  its  right  progress,  would 
demand  a  proportion  of  the  present  discourse  far  beyond  its  proper  and 
allotted  limits. 
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Tet  I  shall  not  be  deemed  invidious  if  I  eite  one  work  as  emitiently  ezem^ 
plary  of  the  spirit  and  scope  of  the  investigations  needed  for  the  elucidation 
of  any  branoh  of  Natural  History.  That  work  is  the  monograph  of  the 
Chelonian  Reptiles  (Tortoises,  Terrapenes  and  Turtles)  of  the  United  States 
of  America,  published  last  year  at  Boston,  U.S.,  by  Professor  Agassie. 

I  dte  it,  not  wholly  on  account  of  its  intrinsic  merits,  but  also  because  it 
affords  me  the  opportunity  of  expressing,  on  the  part  of  naturalists,  the  ad- 
mhration  of,  and  deep  sense  of  gratitude  to,  the  great  and  liberal  people  whosci 
perception  of  the  intrinsic  value  and  dignity  of  pnre  science  has  enabled  the 
distingaished  author  to  enrich  zoology  by  a  work  unparalleled  in  the 
oompleleness,  perfection,  and  consequent  expense  of  its  greiphic  illustrations. 

*'  We  bad  fixed,"  writes  Agassiz,  "  upon  five  hundred  subscribers  as  the 
number  necessary  to  enter  upon  the  publication  with  safety : — at  this  moment 
it  stands  at  twenty*five  hundred, — a  support  such  as  was  never  before  offered 
to  any  scientifio  man  fbr  purely  scientific  ends,  without  any  reference  to 
government  objects  or  direct  practical  aims'*'.'' 

G^offrapkieal  DiiiribuHan  of  Plants. — Observations  of  the  characters  of 
plants,  the  record  of  such  observations  by  the  Linnsean  and  subsequently 
improved  artifices  of  description,  the  application  of  this  power  to  comparison, 
and  dednetidis  from  the  results  of  such  compari9ons,-^have  led  to  the 
recognition  of  the  natural  groups  or  families  of  the  vegetable  kingdom,  and 
to  a  dear  scientifio  comprehension  of  that  great  department  of  living  Nature. 

TUs  phase  of  botanioal  science  gives  the  power  of  ftirther  and  more  pro- 
fitable generalizations,  such  as  those  teaching  the  relations  between  the  par- 
ticolar  plants  and  particular  localities. 

The  enm  of  these  relations^  forming  tiie  Geographical  Distribution  of 
FlantSy  rests,  perhaps  at  present  necessarily,  on  an  assumption,  viz.  that  eadi 
spedea  bas  been  created,  or  come  into  being,  but  once  in  time  and  space; 
and  that  its  present  diffusion  b  the  result  of  its  own  law  of  reproduction, 
under  the  diffusive  Or  restrictive  influence  of  external  circumstances.  These 
dremnstanees  are  chiefly  temperature  and  moisture,  dependent  on  the  distance 
firom  the  source  of  heat  and  the  obliquity  of  the  sun's  rays,  modified  by  alti- 
tade  above  the  sea-level,  or  the  degree  of  rarefaction  of  the  atmosphere,  and 
of  ihe  power  of  the  surface  to  radiate  heat.  Both  latitude  and  altitude 
are  Ibrther  modified  by  currents  of  air  and  ocean,  which  influence 
Ab  diatdbntion  of  the  heat  they  have  absorbed.  Thus  large  tracts  of  dry 
land  produce  dry  and  ^treme  climates,  while  large  expanses  of  sea  produce 
humid  and  equable  climates.  Botany,  in  short,  at  this  phase  becomes  inti- 
mately related  to  dimatdogy ;  and  the  traveller,  the  meteorologist,  and  the 
naturalist  reciprocally  aid  each  other  in  the  acquisition  of  a  knowledge  of 
fhntffil  general  laws.  Agriculture  affectA  the  geographical  distribution  of 
pints,  both  directly  md  indirectiy.    It  diffuses  plants  over  a  wider  area  of 

*  Agassiz,  '*  Monograph  on  North  American  Testadinata,"  4to,  Boston,  1857,  Pre£Me« 
p.  aSL  vol  i.    Of  the  2500  Snbsdibers  only  20  are  Extra-american. 
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equal  climate,  augments  their  productiveness,  and  enlarges  the  limits  of  their 
capacity  to  support  different  climatal  conditions.  Agriculture  also  effects 
local  modifications  of  climate.  The  clearance  of  forests,  by  diminishing  the 
cooling  influence  of  evaporation  from  leaves,  increases  the  temperature* 
When,  by  the  spread  of  thorough  drainage  over  Britain,  the  surface-water  is 
at  once  carried  off,  instead  of  remaining  on  the  surface  until  slowly  dispersed 
by  evaporation  and  atmospheric  currents,  such  prompt  removal  of  the  raw 
material  of  mist  and  cloud  may  be  reasonably  expected  to  be  attended  with 
a  greater  average  annual  amount  of  solar  liglit  and  heat 

Certain  species  of  plants  require  more  special  physical  conditions  for 
health ;  others  more  general  conditions ;  and  their  extent  of  diffusion  varies 
accordingly.  Thus  the  plants  of  temperate  climates  are  more  widely  diffused 
over  the  surface  of  the  globe,  because  they  are  suited  to  elevated  tracts  in 
tropical  latitudes. 

There  is,  however,  another  law  which  relates  to  the  original  appearance,  or 
creation,  of  plants,  and  which  has  produced  different  species  flourishing  under 
similar  physical  conditions,  in  different  regions  of  the  globe.  Thus  the  plants 
of  the  mountains  of  South  America  are  of  distinct  species,  and  for  the  most 
part  of  distinct  genera,  from  those  of  Asia.  The  plants  of  the  temperate 
latitudes  of  North  America  are  of  distinct  species,  and  some  of  distinct 
genera,  from  those  of  Europe.  The  CactecB  of  the  hot  regions  of  Mexico  are 
represented  by  the  Euphorbiaceoi  in  parts  of  Africa  having  a  similar  climate. 

The  modes  of  generalizing  the  observations  on  the  geographical  distribution 
of  indigenous  plants  are  various. 

One  is  by  dividing  the  horizontal  range  of  vegetation  into  zones,  bounded 
by  annual  isothermal  lines,  as,  1,  the  equatorial ;  %  tropical ;  3,  subtropical ; 
4,  warmer  temperate ;  5,  cooler  temperate ;  6,  subarctic ;  7,  arctie ; 
8,  polar  zones:  with  temperatures  progressively  falling  from  an  annual 
isotherm  of  79®'3  Fahr.  to  one  of  36^-5  for  the  month  of  July. 

Another  mode  is  the  classification  of  plants  according  to  the  regions  of 
altitude;  as  into  those  of, — 1,  Palms;  2,  Tree-ferns;  3,  Myrtles;  4,  Ever- 
greens ;  5,  Deciduous  trees;  6,  Conifers;  ?»  Alpine  shrubs;  8,  Alpine  herbs. 
But  the  corresponding  altitudes  in  different  countries  have  frequently  dif- 
ferent, though  analogous  or  representative,  species.  The  presence  or  other* 
wise  of  snow  on  the  mountain-tops  also  influences  the  character  of  the  plants 
at  corresponding  altitudes.  Thus,  forests  of  tall  Conifers  flourish  in  the 
Himalayas  at  regions  of  altitude  where  only  stunted  specimens  of  tropical 
plants  are  found  in  the  mountains  of  Sumatra. 

A  third,  and  perhaps  more  truly  natural  mode  of  expressing  the  geogra^^ 
phical  distribution  of  plants,  is  by  regions  defined  by  the  proportion  of  plant- 
species  peculiar  to  them.  When  one  half,  at  least,  of  the  known  species  are 
peculiar  to  a  certain  space,  it  constitutes  a  ^  phytogeographic '  r^ion,  accord- 
ing to  Schouw.  In  it,  also,  a  fourth  part  of  the  genera  must  be  either  pecu- 
liar, or  so  predominating  as  to  be  comparatively  rare  in  other  regions ;  and 
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tlie  indiTidiial  (kmilies  of  plants  most  be  either  peculiar  to»  or  decidedly  pre* 
dofninate  in,  sach  region. 

So  defined,  the  surface  of  the  earth  has  been  divided  into  twenty-five  re- 
gions, of  which  I  may  cite  as  examples  that  of  New  Zealand,  in  which  Ferns 
predominate,  together  with  generic  forms,  half  of  which  are  European,  and 
the  rest  i^proximating  to  Australian,  South  African,  and  Antarctic  forma  : 
and  that  of  Australia,  characterized  by  its  Eucalypti  and  Epacride^,  chieO;- 
known  to  us  by  the  researches  of  the  great  botanist,  Robert  Brown,  the 
founder  of  the  *  Geography  of  Plants/ 

Of  the  heaths,  or  heath-like  shrubs,  some  genera.  Erica,  or  true  heath,  for 
example,  characterize  the  Cape  of  Good  Hope  and  Europe ;  other  genera 
the  Cape  and  New  Holland;  others  again,  as  Epacris,  LUtanthe^  and  Leuco* 
pogan,  are  characteristic  of  Australia. 

The  vegetable  kingdom  has  been  classified  into  many  such  physiogno- 
mical groups.  The  latest  botanical  st^itistics  make  213,280  species ;  but  the 
best  informed  botanists  believe  that  we  are  still  acquainted  only  with  a  small 
proportion  of  existing  plants. 

Geo^apkical  ZHstrilnUion  (^Jnimals. — Organic  Life,  in  its  animal  form, 
is  much  more  developed,  and  more  variously,  in  the  sea,  than  in  its  vegetable 
form. 

Observations  of  marine  animals  and  their  localities  have  led  to  attempts 
at  generalizing  the  results ;  and  the  modes  of  enunciating  these  generaliza- 
tions or  laws  of  geographical  distribution  are  very  analogous  to  those 
which  have  been  applied  to  the  vegetable  kingdom,  which  is  as  di- 
versely developed  on  land  as  b  the  animal  kingdom  in  the  sea.  Certain 
horizontal  areas,  or  provinces,  have  been  characterized  by  the  entire  assem- 
bUge  of  animals  and  plants  constituting  their  population,  of  which  a  consider- 
able proportion  is  peculiar  to  each  province,  and  the  majority  of  the  species 
have  their  areas  of  maximum  development  within  it. 

Of  such  provinces  of  Marine  Life,  that  much-lamented,  far-seeing,  and 
genial  philosopher,  Edward  Forbes,  has  provisionally  defined  25. 

The  same  physical  conditions  are  associated  with  a  certain  similarity  be- 
tween the  animals  of  difierent  provinces.  Where  those  provinces  are  proxi- 
mate, such  likeness  is  due  to  the  identity  or  close  affinity  of  the  species  ;  but 
where  the  provinces  are  remote,  the  resemblance  is  one  of  analogy,  and  spe- 
cies of  different  genera  or  families  represent  each  other. 

A  second  mode  of  expressing  the  ascertained  facts  of  the  geographical 
distribution  of  marine  animals  is  by  tracts  called  *  Homoiozoic  Belts,'  bounded 
by  dimatal  lines,  which  are  not,  however,  parallel  with  lines  of  latitude,  but 
undulate  in  subordination  to  climatal  influences  of  warm  or  cold  oceanic 
currents,  relations  of  land  to  water,  &c.  Of  these  belts.  Professor  E.  Forbes 
has  defined  nine :  one  equatorial,  with  four  to  the  north  and  four  to  the  south, 
which  are  mutually  representative. 

But  the  most  interesting  form  of  expression  of  the  distribution  of  marine 
1858.  / 
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life  is  that  which  parallels  the  perpendiooUr  distributton  of  pUnUu  Edward 
Forbes,  availing  himself  of  the  valuable  results  of  a  systematic  use  of  the 
dredge,  first  showed  that  marine  animab  and  pUints  varied  accordiog  to  the 
depth  at  which  they  lived,  in  a  manner  very  analogous  to  the  changes  in  the 
forms  and  species  of  vegetation  observed  in  the  ascent  of  a  tropical  rnoun* 
tain.  He  has  expressed  these  facts  by  defining  five  bathymetrical  zones,  or 
belts  of  depth,  which  he  calls,*-*!,  Littoral;  %  Circumlittoral;  S»  Median < 
4,  Infra-median ;  5,  Abyssal. 

The  life-forms  of  these  zones  vary,  of  course,  acccnrding  to  the  nature  of 
the  sea-bottom ;  and  are  modified  by  those  primitive  or  creative  laws  that 
have  caused  representative  species  in  distant  localities  under  like  physical 
conditions, — species  rdated  by  analogy. 

Very  much  remains  to  be  observed  and  studied  by  Naturalists  io  difierent 
parts  of  the  globe,  under  the  guidance  of  the  generalizations  thus  sketched 
out,  to  the  completion  of  a  perfect  theory.  But  in  the  progress  to  this,  the 
results  cannot  fail  to  be  practically  most  valuable.  A  shell  or  a  sea-weed, 
whose  relations  to  depth  are  thus  understood,  may  afford  important  in- 
formation or  warning  to  the  navigator.  To  the  geologist  the  distributloQ  of 
marine  life  according  to  the  zones  of  depth  has  given  the  clue  to  the  deter- 
mination of  the  depth  of  the  seas  in  which  certain  formations  have  beea 
deposited. 

By  the  light  of  these  laws  of  geographical  distribution  we  view  with  quite 
a  new  interest  the  shells,  corals,  and  sea-weeds  of  our  own  shores.  We  traee 
tiie  regions  whence  they  have  been  invaded  by  races  not  aboriginally  b^ 
longing  to  our  seas;  we  obtain  indications  of  irruptions  of  sea^^mrrents  of 
dates  anterior  to  the  present  arrangements  of  land  and  water.  Thus,  part  of 
our  marine  fietuna  has  been  traced  back  to  the  older  pliocene  period,  part  to 
the  somewhat  newer  period  of  the  red-crag,  part  to  the  still  more  recent 
glacial  period — all  these  being  anterior  to  the  constitution  of  the  '  Celtic 
Province,'  as  it  is  now  displayed. 

With  regard  to  the  class  of  Fishes,  some  &miUes,  the  Sharks  (Squaloids), 
Herrings  (Haleooids),  and  Mackerel-kind  (Scomberoids),  are  cosmopolitan. 
The  Lab3rrintliodonts  are  United  to  the  Indian  Ocean;  the  Goniodonts  to 
the  rivers  of  South  America;  the  Lepid0$iei  to  those  of  North  America ;  tha 
PoUfpteri  to  those  of  Africa.  The  fish  called  CAo^a  is  restricted  to  the  Lake 
Baikal,  and  the  blind  *Amblyop$is '  to  the  Mammoth  cave :  just  as  the  Pro- 
teus amongst  amphibious  reptiles  is  eoofined  to  the  ca?erns  of  Carinthia. 

The  class  of  animals  to  which  the  restrictive  laws  of  geographical  distri- 
bution might  seem  least  applicable  is  that  of  Birds :  their  peculiar  powers  of 
locomotion,  associated  in  numerous  species  with  migratory  habits,  might  seem 
to  render  them  independent  of  every  influence  save  those  of  climate  and  of 
food,  which  directly  affect  the  conditions  of  their  existence*  Yet  the 
long- winged  Albatros  is  never  met  with  north  of  the  equator;  nor  does 
the  Condor  soar  above  other  monnteins  than  the  Andes.    The  gecgra- 
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pilfcal  vfmge  of  its  E^jfepe^n  representative,  the  stroog-viiiged  Lammer* 
gefefy  18  ^iiaoilftrly  restricted.  The  Asiatie  PhcuianieUB  and  Pawmida  are 
f^res^Qted  by  Turkeys  (Afeleagris)  io  America  ;  by  the  Guinea-fowl  (iVti- 
mkkh  /iffthihtf,  Pkasidus)  in  Africa ;  ^d  by  the  Megapodidmy  or  Mound- 
birds,  in  Australia.  Several  genera  of  Finches  are  peculiar  to  the  Gali4)agos 
Islani^ ;  the  richly  and  fantastically  ornate  Birds  of  Paradise  are  restricted 
to  )^ew  Guinea  and  some  neighbouring  isles.  Mr.  Sclater,  who  has  contrl* 
bated  the  latest  summary  of  facts  on  the  dbtribution  of  Bird;^  reckons  17 
families  as  peculiar  to  America,  and  16  families  as  peculiar  to  Europe,  Asia, 
and  Africa.  Some  species  have  a  singularly  restricted  locality,  as,  the  Red- 
grouse  ( Teirao  scoticus)  to  the  British  Isles  ;  the  Owl-parrot  (Nesiar  pro* 
duetHs)  to  Philip  Island,  a  small  spot  near  New  Zealand. 

When  birds  have  wings  too  short  for  flight,  we  marvel  less  at  their  re- 
sM^oted  range ;  and  particular  genera  of  brevipennate  birds  have  their  peeu- 
liar  continents  or  islands.  The  long-  and  strong-limbed  Ostrich  courses  over 
the  whole  continent  of  Africa  and  conterminous  Arabia.  The  gei^us  of 
three-^d  Ostriches  (Rkea)  is  similariy  restricted  to  South  Anoerica.  The 
Emeu  (Dromaius)  has  Australia  assigned  to  it  The  continent  of  the  Casso- 
wary (Oasuarius)  has  been  broken  up  into  blands  induding  and  extepdipg 
frtMB  the  south-eastern  peninsuhi  of  Asia  to  New  Guinea  and  New  Britain. 
The  singular  nocturnal  wingless  Kivi  {Apieryx)  is  peculiar  to  the  islands  pf 
New  Zealand. 

Other  specie^  and  genera,  which  seem  to  be,  like  the  Jpieryx,  as  i^  w^ 
Blocked  with  feathers  and  rudiments  of  wings,  have  wholly  ceased  to  exist 
vithiii  the  D)emory  of  man  in  the  islands  to  which  they  also  were  respectively 
restrfctedy  The  Dodo  (Didus  ineptus)  of  the  Mauritius,  and  the  Solitaive 
(Pesopkapi  soktaria)  are  instances. 

In  New  Zealand  also  there  existed,  within  the  memory  of  the  A|aori  apces- 
try»  huge  birds  having  their  nearest  affinities  to  the  still  existing  4p^sfy^  uf 
that  ijilaad,  but  generically  distinct  from  that  and  all  other  known  bird^  \ 
have  proposed  the  name  of  Dinamis  for  this  now  extii^t  genius,  of  which 
more  than  a  dozen  well-defined  species  have  come  to  my  knowledge,  all  pecu- 
liar to  New  Zealand  and  the  last-discovered  the  strangest,  by  reason  qt  the 
dephailtine  p|N^>ortions  of  its  feet. 

A  tridactyle  wingless  bird  of  another  genus,  ^pypmU^  second  only  to  the 
gigantic  Dinfimis  in  size,  appears  tp  have  alsp  recently  become  extinct — ^if 
it  be  extinct-r-in  the  Island  of  Madagascar.  The  egg  of  this  bird,  vfrhich 
may  hay^  suggested  to  the  Arabian  voyagers  attaining  Madagascar  frpm  t|)^ 
^ed  Sea  the  idea  of  the  Roc  of  their  romances^  would  hold  the  contents  of 
6  eggs  of  the  Ostrich,  16  eggs  of  the  Cassowary,  and  148  eggs  of  the  common 
JowL 

The  laws  of  geographical  distribution,  as  affecting  mammalian  life,  have 
been  reduced  to  great  exactness  by  observations  continued  since  the  time  f^f 
Bnffon,  who  first  began  to  generalize,  just  a  centpry  ^go,  \n  that  way,QptUig  th^ 
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peculiarities  of  the  species  of  South  American  animals  ♦.  The  most  import- 
ant extension  of  this  branch  of  zoology  has  been  due  to  recent  researches 
and  discoveries  of  extinct  species  of  the  class  Mammalia;  and  it  is  chiefly 
in  relation  to  the  modifications  of  zoological  ideas  produced  by  palaeontology 
that  a  few  brief  remarks  will  here  be  made. 

The  Quadrumana,  or  order  of  Apes,  Monkeys,  and  Lemurs,  consist  of 
three  chief  divisions — Catarhines,  Platyrhines,  and  Strepsirhines.  The  first 
family  is  peculiar  to  the  *  Old  World  ; '  the  second  to  South  America ;  the 
third  has  the  majority  of  its  species,  and  its  chief  genus  (Lemur),  exclusively 
Sn  Madagascar.  Out  of  26  known  species  of  LemuricUs,  only  6  are  Asiatic 
and  S  are  African. 

The  Catarhine  monkeys  include  the  Macaques,  most  of  which  are  Asiatic, 
a  few  are  African,  and  one  European  ;  the  Cercopiiheques,  most  of  which  are 
African,  and  a  few  Asiatic ;  and  other  genera  which  characterize  one  or 
other  continent  exclusively.  Thus  the  true  Baboons  {Papio)  are  African, 
as  are  the  thumbless  Monkeys  (Co/o6tt«)  and  the  Chimpanzees  {Troglo* 
dyies).  The  Semnopitheques,  Gibbons,  and  Orangs  are  peculiarly  Asiatic. 
Palaeontology  has  shown  that  a  Macaque,  a  Gibbon,  and  an  Orang  existed 
during  the  older  tertiary  times  in  Europe  ;  and  that  a  Semnopithecus  exbted 
in  miocene  times  in  India.  But  all  the  fossil  remains  of  Quadrumana  in  the 
Old  World  belong  to  the  family  CaiarhifUh  which  is  still  exclusively  confined 
to  that  great  division  of  dry  land.  The  tail-less  Macaque  (Inuus  sUvanus) 
of  Gibraltar  may  have  existed  in  that  part  of  the  Old  World  before  Europe 
was  separated  by  the  Straits  of  Gibraltar  from  Africa.  Fossil  remains 
of  Quadrumana  have  been  discovered  in  South  America;  they  indicate 
Platyrhine  forms :  a  species,  for  example,  allied  to  the  Howlers  (MyeeUs)^  bat 
larger  than  any  now  known  to  exist,  has  left  its  remains  in  Brazil. 

Whilst  adverting  to  the  geographical  distribution  of  Quadrumana,  I  would 
contrast  the  peculiarly  limited  range  of  the  Orangs  and  Chimpanzees  with 
the  cosmopolitan  powers  of  mankind.  The  two  species  of  Orang  (PUheeus) 
are  confined  to  Borneo  and  Sumatra ;  the  two  species  of  Chimpanzee  (  Tro* 
ghdytes)  are  limited  to  an  intertropical  tract  of  the  western  part  of  Africa. 
They  appear  to  be  inexorably  bound  by  climatal  influences  regulating  the 
assemblage  of  certain  trees  and  the  production  of  certain  fruits.  With  all 
our  care,  in  regard  to  choice  of  food,  clothing,  and  contrivances  for  artifi- 
cially maintaining  the  chief  physical  conditions  of  their  existence,  the 
healthiest  specimens  of  Orang  or  Chimpanzee,  brought  over  in  the  vigour  of 
youth,  perish  within  a  period  never  exceeding  three  years,  and  usually  much 
shorter,  in  our  climate.     By  what  metamorphoses,  we  may  ask,  has  the 

*  The  first  enandation  of  the  principle  of  Geographical  Disiributioa  merits  reprodactton. 
Buflbn  was  treating  of  the  camiyoroos  animal  which  travellers  in  South  America  had  called 
the  *  Lion' : — **\jtpuma  n'est  point  un  lion,  tirant  son  origiue  dcs  lions  de  Fancien  conti- 
nent ;  c'est  nn  animal  particnlier  a  TAm^rique,  comme  le  sont  aussi  la  plnpart  des  animaux 
de  ce  nouvean  continent."— Tom.  ix.  p.  13, 1758. 
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aliegfid  bamanized  Chimpanzee  or  Orang  been  brougbt  to  endure  all 
clioiateB  ?  Tbe  advocates  of  *  transmutation '  have  failed  to  explain  them. 
Certain  it  is  that  those  physical  differences  in  cerebral,  dental>  and  osteolo* 
gical  structure,  which  place,  in  my  estimate  of  them,  the  genus  Homo  in  a 
disdoct  group  of  the  mammalian  class,  zoologically  of  higher  value  than  the 
'  order,'  are  associated  with  equally  contrasted  powera  of  endurance  of  dif- 
ferent climates,  whereby  Man  has  become  a  denizen  of  every  part  of  the 
globe  from  the  torrid  to  the  arctic  zones. 

Climate  rigidly  limits  the  range  of  the  Quadrumana  latitudinally :  crea- 
tional  and  geographical  causes  limit  their  range  in  longitude.  Distinct  genera 
represent  each  other  in  the  same  latitudes  of  the  New  and  Old  Worlds ;  and 
aiso^  in  a  great  degree,  in  Africa  and  Asia.  But  the  development  of  an 
Orang  out  of  a  Chimpanzee,  or  reciprocally,  is  physiol(^ically  inconceivable, 

The  order  Ruminantia  is  principally  represented  by  Old  World  spe- 
cies, of  which  162  have  been  defined;  whilst  only  24  species  have  been 
diaooTered  in  the  New  World,  and  none  in  Australia,  New  Guinea,  New 
Zeahmd,  or  the  Polynesian  Isles. 

The  Camelopard  b  now  peculiar  to  Africa;  the  Musk-deer  to  Africa  and 
Ana :  out  of  about  50  defined  species  of  Antelope,  only  one  is  known  in 
America,  and  none  in  the  central  and  southern  divisions  of  the  New  World. 
The  Bison  of  North  America  is  distinct  from  the  Bison  of  Europe.  The 
Mosk-ox  alone,  peculiar  for  its  limitation  to  high  northern  latitudes,  roams 
over  the  arctic  coasts  of  both  Asia  and  America.  The  Deer-tribe  are  more 
widely  distributed.  The  Camels  and  Dromedaries  of  the  Old  World  are 
represented  by  the  Llamas  and  Vicugnas  of  the  New.  As,  in  regard  to  a 
former  (tertiary)  zoological  period,  the  fossil  Camelida  of  Asia  are  of  the 
genus  CameluSf  so  those  of  America  are  of  the  genus  Aitchenia.  This  geo- 
graphical restriction  ruled  prior  to  any  evidence  of  man*s  existence. 

Pftlieontology  has  expanded  our  knowledge  of  the  range  of  the  Giraffe : 
during  miocene  or  old  pliocene  periods,  species  of  CamelopardaUs  roamed  in 
Asia  and  Europe.  Passing  to  the  non-ruminant  Artiodactyles,  geology  has 
also  taught  us  that  the  Hippopotamus  was  not  always  confined,  as  now,  to 
African  rivers,  but  bathed,  during  pliocene  times,  in  those  of  Asia  and 
Europe.  But  no  evidence  has  yet  been  had  that  the  Giraffe  or  Hippo« 
potamos  were  ever  other  than  Old  World  forms  of  VngtUata. 

With  respect  to  the  Hog-tribe,  we  find  that  the  true  Swine  (Sus)  of  the 
Old  Worid  are  represented  by  Peccaries  {Diooij^les)  in  the  New ;  and  geo- 
logy has  recently  shown  that  tertiary  species  of  Dicotyles  existed  in  North  as 
weU  as  South  America.  But  no  true  Sus  has  been  found  fossil  in  either 
division  of  the  New  Worid,  nor  has  a  Dtcotyles  been  found  fossil  in  the 
Old  Worid  of  the  geographer.  Phaoockcerus  (Wart-hogs)  is  a  genus  of  the 
Hog-tribe  at  present  peculiar  to  Africa. 

The  Rhinoceros  is  a  genus  now  represented  only  in  Asia  and  Africa ;  the 
ipeciea  being  ^distinct  in  the  two  continents.    The  islands  of  Java  and  of 
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Sumatra  hav^  each  their  peculiar  species;  that  off  the  latter  beibg  t#o- 
homed,  as  all  the  African  Rhinoceroses  are.  Three  or  more  species  «f 
two-horned  tthinocerod  formerly  inhabited  Europe— one  of  thein  warmly 
dad,  for  a  cold  climate;  but  no  fossil  remains  of  the  genUs  hAve  been  tbet 
with  save  in  the  Old  World  of  the  geographer.  Onfe  of  the  earliest  fonns 
of  European  Rhinoceros  was  devoid  of  the  nasal  weapon. 

Geology  gives  a  wider  range  to  the  Horse  and  Elephant  kinds  than  was 
cognizant  to  the  student  of  living  species  only.  The  exbting  EqmeUB  and 
EkphanHd€B  properly  belong  to  the  Old  World;  and  the  Elephants  are 
limited  to  Asia  and  Africa,  the  species  of  the  two  continents  being  qoite 
distinct  The  horse,  as  Buffon  remarked,  carried  terror  to  the  eye  of  the 
indigenous  Americans,  viewing  the  animal  for  the  first  time,  as  it  proudly 
bore  their  Spanish  conqueror.  But  a  species  of  Equns  coesusted  with  the 
Mega^ierinm  and  Megalonyx  in  both  South  and  North  America,  and  perished 
apparently  with  them,  before  the  human  period. 

Elephants  are  dependent  chiefly  upon  trees  for  food.  One  species  now 
finds  conditions  of  existence  in  the  rich  forests  of  tropical  Asia ;  and  a  second 
species  in  those  of  tropical  Africa.  Why,  we  may  ask,  should  not  a  third  be 
living  at  the  expense  of  the  still  more  luxuriant  vegetation  watered  by  the 
Oronooko,  the  Essequibo^  the  Amazon,  and  the  La  Plata,  in  tropical 
America  ?  Geology  tells  us  that  at  least  two  kinds  of  Elephant  (MicuUxbm 
Andium  and  Mast,  ffumbokkii)  formerly  did  derive  their  subsistence,  along 
with  the  great  Megatherioid  beasts,  from  that  abundant  source.  Nay  more ;  at 
least  two  other  kinds  of  Elephant  (McutadonohwHeus  and  Ekphas  texianm) 
existed  in  the  warm  and  temperate  latitudes  of  North  America.  Twice  aft 
many  species  of  Mastodon  and  Elephant,  dbtinct  from  all  the  others,  roamed 
in  pliocene  timiss  in  the  same  latitudes  of  Europe.  At  a  later  or  pleistocene 
period,  a  huge  elephant,  clothed  with  wool  and  hair,  obtained  its  fbod  fVom 
hardy  trees,  such  as  now  grow  in  the  65th  degree  of  north  latitude ;  and 
abundant  remains  6f  this  Ekphas  primigenins  (as  it  has  been  prematurely 
called,  since  it  was  the  last  of  our  British  elephants)  have  been  found  Id 
temperate  and  high  northern  latitudes  in  Europe,  Asia,  and  America,  This^ 
like  other  Arctic  animals,  was  peculiar  in  its  family  fbr  its  longitudinal 
range.  The  Musk  Buffalo  was  its  contemporary  in  England  and  Europe^ 
and  still  lingers  ih  the  northernmost  parts  of  America. 

I  have  received  evidences  of  Elephantine  species  from  China  and  Australia, 
proving  the  proboscidian  pachyderms  to  have  been  the  most  cosmopolitan  of 
hoofed  herbivorous  quadrupeds. 

We  may  infer  that  the  general  growth  of  large  forests,  and  th<e  absence  of 
deadly  enemies,  were  the  main  conditions  of  the  former  existentse  of  Ele* 
phantine  animals  over  every  part  of  the  globe.  We  have  the  most  pregnadt 
proof  of  the  importance  of  Palaeontology  in  rectifying  and  expanding  ideas 
deduced  from  recent  Zoology  of  the  geographical  limits  of  particular  forms  of 
anirnab,  by  the  results  of  its  application  to  the  proboscidian  or  ElephantiAe 
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htuif*  But  suoh  Ktroipeelive  views  of  life  in  remote  periods  id  man j  im- 
^ortaot  instonees  confijrm  the  zoologist's  deductions  of  the  originally  re- 
sirictad  range  of  particular  forms  of  mammalian  life.  This  is  the  case  with 
resipect  to  that  singular  group  of  quadrupeds  forming  the  Order  BrutAi  Linn., 
or  EOBNTATAt  Cuv.  If  a  zoological  province  be  defined  by  the  proportion 
of  genera  and  species  peculiar  to  it^  South  America  must  be  assigned  as  such 
[»t>vince  for  the  Bruta ;  three  out  of  five  of  the  genera,  and  a  much  larger 
■proportion  of  the  species,  being  peculiar  to  that  continent  The  Sloths 
{Bradypu8)i  the  Anteaters  (Afyrmecophaga),  and  the  Armadillos  (Dasj/pus), 
are  the  South  American  genera,  or  rather  families,  of  Bruta  referred  to*  The 
scaly  Anteaters  or  Pangolins  (Manis)  are  represented  by  long-tailed  species 
ID  Africa,  and  shorter-tailed  ones  in  Asia.  The  Orycteropus  is  represented 
by  a  single  species  in  South  Africa. 

Fossil  remains  of  the  order  BrtUa  have  been  discovered  in  tertiary  beds  in 
Europe  and  in  America.  The  European  fossil  was  a  large  Pangolin,  and  the 
discovery  shows  the  natural  extent  of  that  province,  now  imperfectly  divided 
into  Europe^  Asia,  and  Africa,  to  which  the  3£aim-form  of  BrtOa  is  and  has 
been  peculiar. 

Geology  also  extends  the  geographical  range  of  the  Sloths  and  Armadillos 
from  South  to  North  America ;  but  the  deductions  from  recent  rich  discoveries 
of  huge  terrestrial  forms  of  Sloth,  of  gigantic  Armadillos,  and  large  Anteaters, 
go  to  establish  the  fact  that  these  peculiar  families  of  the  order  Bruta  have 
ever  been,  as  they  are  now,  peculiar  to  America ;  that  several  genera,  in- 
chiding  the  largest  species,  have  perished ;  and  that  the  rangie  of  their  still 
existing  diminutive  representatives  has  been  reduced  to  the  southern  division 
of  the 'New  World.' 

In  no  other  region  of  the  globe  than  America — that  to  which  the  Slothai, 
Anteaters,  and  Armadillos  are  now  peculiar — has  any  fossil  relic  of  an  animi^ 
of  thoee  families  been  found :  and  if  it  be  objected  to  this  evidence  of  the 
primeval  limitation  of  those  families  to  America,  that  it  is  chiefly '  negative,*  I 
would  remark,  that  bones  of  the  Megatherium  are  as  likely  to  catch  the  eye 
as  thoee  of  the  Elephant ;  and  would  ask,  if  Megatherloids  had  co-existed  with 
Elephants  in  other  continents,  as  Elephants  did  with  them  in  America,  why 
have  not  their  remains  been  found  elsewhere  ?  The  positive  and  abundant 
evidence,  however,  of  the  remains  of  gigantic  Sloths  and  Armadillos  in  South 
America  is  most  conclusive  of  the  original  location  of  these  unmigratory 
beasts  in  the  New  World. 

Australia,  which  in  extent  of  dry  land  merits  to  be  regarded  as  a  fifth  con- 
tinent, has  a  more  restricted  and  peculiar  character  of  aboriginal  mammalian 
population  than  South  America.  It  is  emphatically  the  ^  province '  of  those 
quadrupeds  the  females  of  which  are  provided  with  a  pouch  for  the  trans- 
port and  protection  of  their  prematurely  born  young. 

One  genus  of  MartupiaUa  {Didelphys  or  Opossums,  properly  so  called)  is 
poeuliar  to  America,  and  is  there  the  sole  representative  of  the  order.    A 
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small  Kangaroo>  and  a  few  Phalangers>  exist  in  islands  that  link  the 
Malayan  Archipelago  with  the  Australian  world.  All  the  other  marsupial 
genera,  indeed  everj  known  genus  save  Dide^fhys^  are  found  in  Australasia, 
compnsing  New  Guinea,  Australia,  and  Tasmania. 

'  The  Kangaroos,  Potoroos,  Wombats,  Koalas,  Phalangers,  Petaurists,  Dasy- 
ures,  and  marsupial  quadrupeds  of  insectivorous  and  carnivorous  habits 
distinguished  only  by  scientific  names,  here  perform  the  parts  assigned  to  non- 
marsupial  Mammalia  in  the  Old  World.  No  existing  marsupial  quadruped 
has  been  found  native  in  continental  Asia,  in  Africa,  or  in  Europe. 

Of  the  Australasian  marsupials  the  species  of  New  Guinea  are  distinct,  and 
some  of  them  subgenerically,  from  those  of  Australia  proper. 

Certain  genera,  as  Tarsipesy  ChosropuSf  Phascolarctus^  are  peculiar  to 
Australia;  other  genera,  as  Thylacinu9  and  Sarcophilus,  the  largest  and 
most  destructive  of  carnivorous  marsupials,  are  peculiar  to  Tasmania. 

No  nmrsupial  fossil  has  been  found  in  the  pliocene  or  pleistocene  deposits 
of  £urope,  Asia,  or  Africa.  In  America,  only  representatives  occur  of  the 
peculiarly  American  genus  Diddphys.  In  the  formations  of  these  recent 
tertiary  periods,  and  in  the  limestone  caverns,  of  Australia,  abundance  of 
mammalian  fossils  have  been  found,  and,  with  the  exception  of  a  single  tooth 
of  a  Mastodon,  every  one  of  them  has  proved  to  be  a  marsupial  species. 
Many  belong  to  the  genus  of  Kangaroos  {Macropus)^  some  to  that  of  Poto- 
roos {Hypsiprymnus) ;  a  few  to  the  Wombats  (Phascolomys),  Dasyures  (Da* 
syurus),  and  other  existing  genera.  Some  of  these  fossils  have  shown  that  the 
Thylacintis  and  Sarcophilus  formerly  inhabited  Australia  as  well  as  Tasmania. 
Others  exhibit  the  carnivorous  or  Dasyurine  modification  of  the  marsupial 
type  in  species  equalling  the  Leopard  and  the  Lion  in  size ;  and  the  latter 
with  modifications  of  the  camassial  teeth  of  generic  value.  We  now  know 
that  there  once  existed  in  Australia  species  of  Wombat  equalling  the  Tapir 
in  stature ;  and  species  most  nearly  allied  to  Macrcpusy  but  with  characters  of 
Phascolomys  and  PJiascolarctus  combined,  which  rivalled  the  Ox  and  Rhi- 
noceros in  bulk.  The  skull  of  the  Nototherium  presents  the  strangest  pro- 
portions and  features  hitherto  seen  in  the  mammalian  class:  that  of  the 
Diprotodon  is  3  feet  in  length,  and  combines  the  scalpriform  incisors  of  the 
Wombat  with  the  double- ridged  molars  of  the  Kangaroo. 

The  sum  of  all  the  evidence  from  the  fossil  worid  in  Australia  proves  its 
mammalian  population  to  have  been  essentially  the  same  in  pleistocene,  if  not 
pliocene  times,  as  now ;  only  represented,  as  the  Edentate  mammals  in  South 
America  were  then  represented,  by  more  numerous  genera,  and  much  more 
gigantic  species,  than  now  exist 

But  geology  has  revealed  more  important  and  unexpected  facts  relative  to 
the  marsupial  type  of  quadrupeds. 

In  the  miocene  and  eocene  tertiary  deposits,  marsupial  fossils  of  the 
American  genus  Didelphys  have  been  found,  both  in  France  and  England  ; 
and  they  are  associated  with  Tapirs  like  that  of  America.    In  a  more  ancient 
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geological  period^  remains  of  marsupials,  some  insectivorous,  as  SpalacO' 
thorium  and  TricanodoHy  others  with  teeth  like  the  peculiar  premolars  in 
the  Australian  genus  Hypsipryrnnus^  have  been  found  in  the  upper  oolite  of 
the  Isle  of  Purbeck  *.  In  the  lower  oolite  at  Stonesfield,  Oxfordshire,  mar- 
supial remains  have  been  found  having  their  nearest  living  representatives  in 
the  Australian  genera  Myrmecolnus  and  Daayurus* 

Thus,  it  would  seem,  that  the  deeper  we  penetrate  the  earth»  or,  in  other 
words,  the  further  we  recede  in  time,  the  more  completely  are  we  absolved 
from  the  present  laws  of  geographical  distribution.  In  comparing  the  mam- 
malian fossils  found  in  British  pleistocene  and  pliocene  beds,  we  have  often 
to  travel  to  Asia  or  Africa  for  their  homologues.  In  the  miocene  and  eocene 
strata  some  fossils  occur  which  compel  us  to  go  to  America  for  the  nearest 
representatives.  To  match  the  mammalian  remains  from  the  Englbh  oolitic 
formations,  we  must  bring  species  from  the  Antipodes. 

These  are  truly  most  suggestive  facts,  unrecognized  until  science  looked 
abroad  upon  the  world.  If  the  present  laws  of  geographical  distribution 
depend,  in  an  important  degree,  upon  the  present  configuration  and  position 
of  continents  and  islands,  what  a  total  change  in  the  geographical  character 
of  the  earth's  surface  must  have  taken  place  since  the  '  Stonesfield  slate'  was 
deposited  in  what  now  forms  the  county  of  Oxfordshire  I 

These  and  the  like  considerations  from  the  modifications  of  geographical 
distribution  of  particular  forms  or  groups  of  animals  warn  us  how  inadequate 
must  be  the  phenomena  connected  with  the  present  distribution  of  land  and 
sea  to  guide  to  the  determination  of  the  primary  ontological  divbions  of  the 
earth's  surface.  Some  of  the  latest  contributions  to  this  most  interesting 
branch  of  Natural  Hbtory  have  been  the  result  of  endeavours  to  determine 
whether,  and  how  many,  distinct  creations  of  plants  and  animals  have  taken 
place.  But,  I  would  submit,  that  the  discovery  of  two  portions  of  the 
globe,  of  which  the  respective  Faunas  and  Florae  are  different,  by  no  means 
affords  the  requisite  basis  for  concluding  as  to  distinct  acts  of  creation. 

Such  conclusion  is  associated,  perhaps  unconsciously,  with  the  idea  of  the 
historical  date  of  creative  acts :  it  presupposes  that  the  portion  of  the  globe 
so  investigated  by  the  botanist  and  zoologist  has  been  a  separate  and  primitive 
creation, — that  its  geographical  limits  and  features  are  still  in  the  main  what 
they  were  when  the  creative  fiat  went  forth. 

But  Geology  has  demonstrated  that  such  is  by  no  means  the  case  with 
respect  to  the  portions  of  dry  land  now  termed  continents  and  islands.  The 
incalculable  vistas  of  time  past  into  which  the  same  science  has  thrown 
light  are  also  shown  to  have  been  periods  during  which  the  relative  positions 
of  land  and  sea  have  been  ever  changing. 

Already  the  directions,  and  to  a  certain  extent  the  forms  of  the  submerged 
tracts  that  once  joined  what  now  are  idands  to  continents,  and  which  once 
united  now  separate  or  nearly  disjoined  continents  by  broad  tracts  of  conti* 
*  These  fossils  are  due  to  the  researches  of  Messrs.  Biodie  and  Beckles. 
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Bulijf  begin  to  be  laid  down  in  geologioal  mapi,  addressing  to  thd  ejre  i 
successive  and  gradually  progressive  alterations  of  the  earth's  surface. 

These  phenomena  shake  our  confidenoe  in  the  conolusion  that  the  Apteryx 
of  New  Zealand  and  the  Red-grouse  of  Enghind  were  distinct  creations  ia 
and  for  those  islands  respectirely.  Always,  also*  it  may  be  well  to  bear  in 
mind  that  by  the  word  *  creation/  the  zoologist  means  *  a  process  he  knowa 
not  what.'  Science  has  not  yet  ascertained  the  secondary  causes  that  ope- 
rated when  *'  the  earth  brought  forth  grass  and  herb  yielding  seed  after  its 
kind>"  and  when  "  the  waters  brought  forth  abundantly  the  moring  creature 
that  hath  life."  And  supposing  both  the  fiE^^t  and  the  whole  process  of  th* 
so-called  *  spontaneous  generation '  of  a  fruit-bearing  tree,  or  of  a  fish,  were 
scientifically  demonstrated,  we  should  still  retain  as  strongly  the  ideui  which 
is  the  chief  of  the  <  mode '  or  <  group  of  ideas '  we  call  *  creation,'  tIb*  that 
the  process  was  ordained  by  and  had  originated  from  an  all-wise  and  power* 
ful  First  Cause  of  all  things. 

When,  therefore,  the  present  peculiar  relation  of  the  Red-grouse  (TWrtM 
scoHems)  to  Britian  and  Ireland — and  I  cite  it  as  one  of  a  large  class  of  in*- 
stances  in  Geographical  Zoology — is  enumerated  by  the  soologist  as  evidence 
of  a  distinct  creation  of  the  bird  in  and  for  such  islands,  he  chiefly  espresses 
that  he  knows  not  how  the  Red-grouse  came  to  be  there,  and  there  eaolu^ 
sively ;  signifying  also>  by  this  mode  of  expressing  such  ignorance,  his  belief 
that  both  the  bird  and  the  islands  owed  their  origin  to  a  great  first  Creatiira 
Cause. 

And  this  analysis  of  the  real  meaning  of  the  phrase  *  distinct  creation '  haa 
led  me  to  suggest  whether,  in  aiming  to  define  the  primary  aoological  pro* 
▼inees  of  the  globe,  we  may  not  be  trenching  upon  a  province  of  knowledge 
beyond  our  present  capacities ;  at  least  in  the  judgment  of  Lord  Bacon,  oom^ 
menting  upon  man's  efibrts  to  pierce  into  the  *  dead  beginnings  of  things.' 

This  at  least  is  certain,  that,  being  aware  of  former  operations  requiring 
to  be  Well  understood  before  we  can  draw  conclusions  as  to  other  facta 
related  to  the  unknown  operations,  one  writes  to  no  purpose  in  affirming 
conclusions  without  such  preliminary  knowledge. 

Thus,  the  changing  level  of  the  land  part  of  the  earth's  crust,  throughout 
geologioal  time,  leads  to  the  recognition  of  the  present  shape  and  size  of  con- 
tinents and  islands  as  being  recent  and  temporary. 

We  feel  that  there  have  been  phenomena  attending,  for  example,  the  actual 
flow  of  continuous  ocean  between  Ireland  and  Newfoundland,  the  nature 
and  succession  of  which  should  be  known  in  order  to  enable  us  to  compre- 
hend the  causes  or  conditions  of  the  present  diflerences  between  the  Flora 
and  Fauna  of  those  islands  respectively :  and  so  of  every  other  part  of  dry 
land  now  circumscribed  by  sea. 

All  affirmations  as  to  the  time,  place,  and  kind  of  origin  of  the  organisms 
of  a  so  circumscribed  land,  in  the  absence  of  a  knowledge  of  the  causes  and 
eonditiona  of  such  cireun»eriptioo,  must  be  guess-work. 
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It  is  il  part  of  soand  knowledge  to  be  able  to  recogaiae  the  suljeota  r6* 
gardliig  which  we  have  not,  at  present,  the  basis  of  true  assertion* 

On  the  few  occasions  in  which  I  have  been  led  to  offer  observations  on 
the  probable  cause  of  the  extinction  of  species,  th^  chief  weight  has  been 
given  to  those  gradual  changes  in  the  conditions  of  a  countrj  affecting  the 
due  supply  in  sustenance  to  animals  in  a  state  of  nature,  I  have  also  pointed 
out  the  characters  in  the  animals  themselves  calculated  to  render  theiti  most 
obnoxious  to  sueh  extirpating  influences ;  and  on  one  occasion  *  I  have  ap« 
plied  the  remarks  to  the  explanation  of  so  many  of  the  larger  species  of  par^ 
dcular  groups  of  animab  having  become  extinct,  whilst  smaller  speeies  of 
equal  antiquity  have  remained. 

In  proportion  to  its  bulk  is  the  dificulty  of  the  contest  which,  as  H  living 
organized  whole,  the  individual  of  such  species  has  to  mtuntain  against  thd 
sarfounding  agencies  that  are  ever  tending  to  dissolve  the  vital  bond  and 
subjugate  the  living  matter  to  the  ordinary  chemical  and  physical  foreefl» 
Any  changes,  therefore,  in  sueh  external  agencies  as  a  species  may  have 
been  originally  adapted  to  exist  in  will  militate  against  that  exbtenee  in  a 
d^ree  proportionate,  perhaps  in  a  geometrical  ratio,  to  the  bulk  of  the 
speoiea.  If  a  dry  season  be  gradually  prolobged,  the  large  mammal  will 
suffer  from  the  drought  sooner  than  the  small  one ;  if  such  alteration  of 
elimate  affect  the  quantity  of  vegetable  foodj  the  bulky  Herbivore  will  first 
feel  the  effects  of  stinted  nourishment;  if  new  enemies  are  introduced,  the 
large  and  conspicuous  quadruped  or  bird  will  fall  a  prey,  whilst  the  smaller 
^leeies  conceal  themselves  and  escape*  Smaller  animals  are  usually^  i^0| 
more  prolific  than  lai^r  ones. 

'*  The  actual  presence,  therefore,  of  small  species  of  animals  in  countries 
where  larger  s|)ecie8  of  the  same  natural  families  formerly  exisied,  is  not  the 
coDsequenee  of  any  gradual  diminution  of  the  size  of  such  species,  but  is  the 
result  of  circumstances,  which  may  be  illustrated  by  the  fable  of  the  *  Oak 
and  the  Reed  ;*  the  smaller  and  feebler  animals  have  bent  and  accommodated 
themselves  to  ehanges  which  have  destroyed  the  larger  species." 

Accepting  this  explanation  of  the  extirpation  of  species  as  true,  Mn 
Wallaeef  has  recently  applied  it  to  the  extirpation  of  varieties ;  and,  assu- 
ming, as  is  probable,  that  varieties  do  arise  in  a  wild  species,  he  shows  how 
such  deviations  from  type  may  either  tend  to  the  destruction  of  a  variety,  or 
to  adapt  a  variety  to  some  changes  in  surrounding  conditions,  under  which 
it  is  better  calculated  to  exist,  than  the  type-form  from  which  it  deviated. 

Ko  doubt  the  type-form  of  any  species  is  that  which  is  best  adiypted  to 
tiie  eonditioas  under  which  such  species  at  the  time  exists ;  and  as  long  as 
those  conditions  remain  unchanged,  so  long  will  the  type  remain ;  aU 
varieties  departing  thei*efrom  being  in  the  same  ratio  les6  adapted  to  the 
environing  conditions  of  existence.     But,  if  those  conditions  change,  then 

•On  the  Gcntw  DhMmit  (part  iv.),  Zool.  Ttsm.  vol.  iv.  p.  15  (Fcbnwtty  1859), 
t  Proceedingi  of  the  Limiean  Society,  August  1858,  p.  57. 
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the  variety  of  the  species  at  an  aoteoedetit  date  and  state  of  things  wil 
become  the  type-form  of  the  species  at  a  later  date,  and  in  an  altered  state 
of  things. 

Mr.  Charles  Darwin  had  previously  to  Mr.  Wallace  illnstrated  thb  prin- 
ciple by  ingenious  suppositions,  of  which  I  select  the  following : — **  To  give 
an  imaginary  example  from  changes  in  progress  on  an  island: — ^let  the 
organization  of  a  canine  animal  which  preyed  chiefly  on  rabbits,  but  some- 
times on  hares,  become  slightly  plastic ;  let  these  same  changes  cause  the 
number  of  rabbits  very  slowly  to  decrease,  and  the  number  of  hares  to  in- 
crease ;  the  effect  of  this  would  be  that  the  fox  or  dog  would  be  driven  to 
try  to  catch  more  hares :  his  organization,  however,  being  slightly  plastic, 
those  individuals  with  the  lightest  forms,  longest  limbs,  and  best  eyesight, 
let  the  difference  be  ever  so  small,  would  be  slightly  favoured,  and  would 
tend  to  live  longer,  and  to  survive  during  that  time  of  the  year  when  food 
was  scarcest;  they  would  also  rear  more  young,  which  would  tend  to 
inherit  these  slight  peculiarities.  The  less  fleet  ones  would  be  rigidly 
destroyed.  I  can  see  no  more  reason  to  doubt  that  these  causes  in  a  thou- 
sand generations  would  produce  a  marked  effect,  and  adapt  the  form  of  the 
fox  or  dog  to  the  catching  of  hares  instead  of  rabbits,  than  that  greyhounds 
can  be  improved  by  selection  and  careful  breeding'*'.'' 

Observation  of  animals  in  a  state  of  nature  is  required  to  show  their 
degree  of  plasticity,  or  the  extent  to  which  varieties  do  arise:  whereby 
grounds  may  be  had  for  judging  of  the  probability  of  the  elastic  ligaments 
and  joint-structures  of  a  feline  foot,  for  example,  being  superinduced  upon 
the  more  simple  structure  of  the  toe  with  the  non-retractile  claw,  according 
to  the  principle  of  a  succession  of  varieties  in  timef. 

Observation  of  fossil  remains  is  also  still  needed  to  make  known  the  ante- 
types,  in  which  varieties,  analogous  to  the  observed  ones  in  exbting  species, 
might  have  occurred,  so  as  to  give  rise  ultimately  to  such  extreme  forms  as 
the  Giraffe  for  example  i^. 

This  application  of  palaeontology  has  always  been  felt  by  myself  to  be  so 
important  that  I  have  never  omitted  a  proper  opportunity  for  impressing  the 
results  of  observations  showing  the  "  more  generalized  structures  "  of  extinct 
as  compared  with  recent  forms  of  mammalia. 

But,  in  pointing  out  how  local  changes  might  affect  large  quadrupeds,  I 

*  Proceedings  of  the  Linnean  Society,  August  1858,  p.  49. 

t "  The  powerful  retractile  talons  of  the  falcon-  and  the  cat-tribes  have  not  been  produced 
or  increased  by  the  Tolition  of  those  animals ;  but  among  the  different  Tarieties  which  oc- 
curred in  the  earlier  and  less  organized  forms  of  these  groups,  ihoie  aiwayt  tumived  kmgeH 
which  had  the  greate$t  faeiUtie$  for  teizmg  /Atftr/rr«y/'— Wallace,  p.  61. 

t  **  Neither  did  the  giraffe  acquire  its  long  neck  by  desiring  to  reach  the  foliage  of  the 
more  lofty  shrubs,  and  constantly  stretching  its  neck  for  the  purpose ;  but  because  any  va- 
rieties  which  occurred  among  its  antetypes  with  a  longer  neck  than  usual  at  onee  secured  a 
freth  range  ofpaeture  wer  the  eame  grmmd  ae  their  shorter-necked  companioni,  ami  on  the 
first  scarcity  t^food  were  thereby  enabled  to  ontUoe  /Aem."— lb.  p.  61. 
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luhre  refrained  from  speculftUog  on  dwarf- varieties  sarviving  each  influeDces 
as  being  the  origin  of  existing  representatives  of  extinct  giants.  A  small 
sloth  coexisted  with  the  Megatherium,  a  small  armadillo  with  the  Glyp- 
todoDy  the  Apteryx  with  the  Dinornis. 

The  aboriginal  laws  of  geographical  distribution  of  plants  and  animals 
have  been  modified  from  of  old  by  geological  and  the  concomitant  climatal 
changes ;  but  they  have  been  much  more  dbturbed  by  man  since  his  intro- 
duction upon  the  globe. 

The  serviceable  plants  and  animals  which  he  has  carried  with  him  in  his 
migrations  have  flourished  and  multiplied  in  lands  the  most  remote  from  the 
habitats  of  the  aboriginal  species.  Man  has,  also,  been  the  most  potent  and 
intelligible  cause  of  the  extirpation  of  species  within  historic  times. 

He  alone,  with  one  of  the  beasts  which  he  has  domesticated — the  dog — is 
truly  cosmopolitan.  The  human  species  is  represented  by  a  few  well-marked 
varieties;  and  there  is  a  certain  amount  of  correspondence  between  their 
localities  and  general  zoological  provinces :  thus  the  Australian  variety  of 
man  is  as  well-marked  and  circumscribed  as  the  Australian  fauna  generally ; 
the  Papuans  of  New  Guinea  present  the  same  difference  from,  with  degree 
of  affinity  to^  the  Australians,  as  we  find  in  comparing  the  respective  faunae 
of  Papua  and  Australia.  But,  with  regard  to  the  alleged  conformity  between 
the  geographical  distribution  of  man  and  animals,  which  has  of  late  been 
systematicaUy  enunciated,  and  made  the  basis  of  deductions  as  to  the  origin 
and  distinction  of  the  human  varieties,  I  would  submit  the  following  remarks 
as  affecting  the  system  referred  to*. 

Using  Blumenbach's  term  in  the  sense  of  the  later  terms  <  Indo-European* 
and  '  Aryan,'  we  find  the  *  Caucasian '  race  extended  from  Iceland  to  the 
month  of  the  Granges.  There  is  no  corresponding  distinction  in  the  animals 
and  plants  of  the  Europseo- Asiatic  continent,  which  is  bisected  by  the  ob- 
lique line  dividing  the  Mongolian  from  the  Caucasian  varieties  of  mankind. 
The  Persian  fauna  extends  into  Tartary  ;  the  Himalayan  into  Thibet. 

Aa  two  primary  varieties  of  mankind  exist  in  one  great  zoological  province 
ID  the  Old  World,  so  a  third  great  variety  extends  over  at  least  two  zoolo- 
gical provinces  in  the  New  World.  All  authors  divide  the  North  American 
or  *  Nearctic '  from  the  South  American  or  ^  Neotropic '  region,  whatever 
class  of  organic  life  they  may  treat  of  geographically;  but  the  red  or 
copper-coloured  American  is  the  same,  physically  and  linguistically,  to  the 
Gctent  of  the  characteristics  of  a  primary  race,  from  the  60th  degree  of 
north  latitude  to  the  53rd  degree  of  south  latitude. 

The  Lc^ps  of  Arctic  Europe  differ  lingnbtically  and  physically,  as  a  race, 
from  the  Norwegians  and  Swedes :  the  zoological  province  is  essentially  one. 
As  such  it  extends  over  the  same  parallels  of  latitude  in  America,  where  the 
Mongolian  Esquimaux  and  the  American  Chippawas  inhabit 

*  Agaariz,  in  Gtiddon  and  Noti't  *  Types  of  Mankind,'  1854 ;  and '  Indigenous  Races  of  the 
Earth,'  1857. 
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The  Hottentoto  and  Caffires  are  more  distinct,  linguistically  and  physieallyy 
Ihan  the  fonner  are  from  equatorial  Negroes,  or  the  latter  from  the  Nubians ; 
yet  they  both  inhabit  one  well-marked  soologioal  province,  South  Africa. 

Two  varieties  of  mankind — the  Papuan  and  Malayan — inhabit  Bomee 
and  other  blands  at  the  eastern  part  of  the  Indian  Archipelago;  these 
islands  forming  one  and  the  same  zoologieal  and  botanical  province. 

Not  less  than  twenty  colours  have  been  (bund  requisite  to  indicate  in  a 
map  of  the  British  Islands  the  different  varieties  and  sub-varieties  of  the 
human  race  that  have  contributed  to  its  miscellaneous  population. 

Other  facts  of  the  same  kind  might  be  cited,  afiecting  the  conformity  of 
the  distribution  of  man  with  that  of  the  lower  animals  and  plants,  as  abso- 
lutely enunciated  in  some  recent  works.  Nor  can  we  be  surprised  to  find 
that  the  migratory  instincts  of  the  human  spedes,  with  the  peculiar  endow- 
ment of  adaptiveness  to  all  climates,  should  have  produced  modifications 
in  geographical  distribution  to  which  the  lower  forms  of  living  nature  have 
not  been  subject.  It  is  only  since  man  began  to  exercise  his  privilege  and 
power,  that  the  geographical  laws  in  regard  to  the  lower  animab  of  existiog 
species  have  begun  to  be  blotted  out. 

Ethnology  is  a  wide  and  fertile  sul^ect,  and  I  should  be  led  far  beyond 
the  limits  of  an  inaugural  discourse  were  I  to  indulge  in  an  historical  sketch 
of  its  progress.  But  I  may  advert  to  the  uniform  testimony  of  different 
•ii^^esses — to  the  coneurrence  of  distinct  species  of  evidence — as  to  tbe 
much  higher  antiquity  of  the  human  race,  than  has  been  assigned  it  in 
historical  and  genealogical  records. 

Mr.  Leonard  Homer  sagaciously  discerned  the  value  of  the  phenomena  of 
the  annual  sedimentary  deposits  of  the  Nile  in  Egypt  as  a  test  of  the  lapse 
of  time  during  which  that  most  rocent  and  still  operating  geological  dynamie 
had  been  in  progress.  In  two  memotrs  communicated  to  the  Royal  Society 
in  1855  and  1858,  the  results  of  ninety-five  vertical  borings  through  the 
alluvium  thus  formed  are  recorded. 

The  Nile  sediment  at  the  lowest  depth  reached  is  very  similar  in  eomposi- 
tion  to  that  of  the  present  day.  In  the  lowest  part  of  the  boring  of  the  sedi- 
ment at  the  colossal  statue  in  Memphis,  at  a  depth  of  89  feet  from  tbe  mw- 
hce  of  the  ground,  the  lM>ring-instniment  b  reported  to  have  brought  up  a 
piece  of  pottery.  This  M r.  Horner  inlers  to  be  a  record  of  ihB  existence 
of  man  18,871  years  before  a.p.  1854;  <<of  man,  moreover,  in  a  state  of 
civilization,  so  far,  at  least,  as  to  be  able  to  fashion  day  into  vessels,  and  to 
know  how  to  harden  them  by  the  action  of  a  strong  heat*." 

Prof.  Max  MiiUerf  has  opened  out  a  similar  vista  into  the  remote  past 
of  the  history  of  the  human  race  by  the  perception  and  applicalion  of 
analogies  in  the  fbrmati<m  of  modem  and  ancient,  of  living  and  dead  lan- 
guages. 

«  Proceedings  of  the  R07SI  Society,  Feb.  11, 1858,  vot  ix.  p.  128-484. 
t 'Oxford EsstyB,' 1857. 
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Ffom  ditf  rdalions  tneeidMe  iMtween  the  six  Bomaooa  dialetUf  ItalitB^ 
Wallachian,  Rhoetian,  Spanish,  Portuguese,  and  French,  an  antecedent  eom- 
BOD  'mother^tongue'  might  be  inferred^  and  consequently  the  matenee  of 
t  mot  aoterior  to  the  modem  Italiaoa,  Spanish,  French,  &c«,  with  oondusiona 
as  to  the  lapse  of  time  requisite  for  such  divisions  and  migrations  of  the  pri« 
mitive  stock*  and  for  the  modifications  which  the  mother-language  had 
udefgooe.  Historj  and  preserved  writings  show  that  such  common 
mother^raoe  and  language  have  existed  in  the  Roman  people  and  the  Latin 
tongue. 

But  Latin^  like  the  equally  ^dead '  language  Greek,  with  Senscrit,  Lithu* 
•niati,  Zend,  and  the  Gothic,  Slavonic  and  Celtic  tongues,  can  be  similarly 
shown  to  be  modifications  of  one  antecedent  common  language ;  whenee  ia  to 
be  infened  an  antecedent  race  of  men,  and  a  lapse  of  time  sufficient  for  their 
mlgratioB  over  a  traek  extending  from  Iceland  in  the  north*weot  to  India  in 
the  umth'tMBt,  and  for  all  the  above-named  modifications  to  have  been  eita^ 
blished  in  the  common  mother  '  Arian '  tongue. 

The  study  of  the  animal  kingdom  has  its  practical  results  of  national  iiQr 
portance  in  relation  to  sources  of  food  and  beasts  of  traction  and  burden. 
Acts  of  Parliament  relating  to  Fisheries,  in  order  to  realize  their  aims,  must 
be  based  on  physiological  and  zoological  data.  Animal  physiology,  the  most 
importa^it  ground  of  successful  medicine  and  surgery,  is  closely  bound  up 
with  the  right  progress  of  zoology,  of  which,  indeed^  with  zootomy^  it  is  a 
branch.  The  great  instrument  of  zoological  science,  as  Lord  Bacon  pointi 
put,  is  a  Kuseum  of  Natural  History. 

Every  civilized  atate  in  Europe  possesses  9uch  it  Museum.  Thajt  of  Eng« 
land  has  been  progressively  developed  to  the  extent  which  t^e  restrictive 
circumstances  under  which  it  originated  have  allowed.  The  public  is  no^ 
fully  aware,  by  the  reports  that  have  been  published  by  Parliament,  by  re- 
presentationa  to  Government,  and  by  articles  in  Reviews  and  other  Periodi- 
cals, of  the  present  condition  of  the  National  Museum  of  Natural  History 
and  of  its  most  pressing  requirements. 

Of  them  the  most  pressing,  and  the  one  essential  to  rendering  the  cclleo 
tions  worthy  of  this  great  empire,  is  *  space.*  Our  colonies  include  parts  of 
the  earth  where  the  forms  of  plants  and  animals  are  the  most  strange.  No 
empire  in  the  world  had  ever  so  wide  a  range  for  the  collection  of  the  various 
forms  of  animal  life  as  Great  Britain.  Never  was  there  so  much  energy  and 
intelligence  displayed  in  the  capture  and  transmission  of  exotic  animab  by  the 
enterprbing  traveller  in  unknown  lands  and  by  the  hardy  settler  in  remote 
colonies,  as  by  those  who  start  from  their  native  shores  of  Britain.  Foreign 
Naturalists  consequently  visit  England  anticipating  to  find  in  her  capital  and 
in  her  National  Museum  the  richest  and  most  varied  materials  for  their  com- 
parisons and  deductions.  And  they  ought  to  be  in  a  state  pre-eminently 
conducive  to  the  advancement  of  a  philosophical  zoology^  and  on  a  scale 
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commensurate  with  the  greatness  of  the  nation  and  the  peculiar  national 
facilities  for  such  perfection. 

But,  in  order  to  receive  and  to  display  zoological  specimens,  space  must  be 
had  ;  and  not  merely  space  for  display,  but  for  orderly  display :  the  galleries 
should  bear  relation  in  size  and  form  with  the  nature  of  the  classes  respect- 
ively occupying  theia.  They  should  be  such  ''as  to  enable  the  student  or 
intelligent  visitor  to  discern  the  extent  of  the  class,  and  to  trace  the  kind  and 
order  of  tlie  variations  which  have  been  superinduced  upon  its  common  or 
fundamental  characters."  In  the  British  Museum  one  gallery  permits  this  to 
be  done  in  r^ard  to  the  class  of  Birds.  **  To  show  how  the  mammalian  type 
is  progressively  modified  and  raised  from  the  form  of  the  fish  or  lizard 
to  that  of  man ;  to  illustrate  the  gradations  by  which  one  order  merges 
into  another;  to  impart  to  the  visitor,  by  the  arts  of  arrangement  and  juxta- 
position, a  knowledge  of  his  own  class  akin  to  that  which  he  derives 
from  the  collection  of  birds,  would  require  a  corresponding  Mammalian 
Gallery*." 

The  same  is  to  be  said  of  the  classes  of  Reptiles  and  Fishes,  and  of  the 
Molluscous,  Articulate,  and  Radiate  Provinces. 

An  osteological  collection  is  as  indispensable  to  the  illustration  of  the  Ver- 
tebrata  as  a  conchological  one  is  to  that  of  the  Mollusca.  Nor  should  the 
size  of  any  of  the  skeletons  be  a  bar  to  the  obtainmeut  of  adequate  space  for 
the  Osteological  Collection  in  the  National  Museum  of  Natural  History. 
The  very  fact  of  the  Whales  being  the  largest  animals  that  now  exist,  or 
have  at  any  period  lived  upon  the  earth,  is  that  which  makes  it  more 
imperative  to  illustrate  the  fact  and  gratify  the  natural  interest  of  the  public 
by  the  adequate  and  convenient  exhibition  of  their  skeletons. 

In  like  manner,  in  the  Palaeontological  collections  or  galleries  of  Fossil 
remains,  the  restoration  of  every  extinct  species,  however  bulky,  should  be 
carried  out  where  practicable. 

The  locality  of  such  adequately-sized  Museum  concerns  the  administrator 
and  the  public  convenience.  Reasons  for  its  association  with  Ethnological 
Antiquities  and  the  National  Library  have  been  assigned  in  a  memorial  to 
H.  M.  Government,  and  by  the  Deputation  of  cultivators  of  Science  to  the 
Chancellor  of  the  Exchequer,  and  these  reasons  have  been  commented  on  io 
a  late  Number  of  the  '  Quarterly  Review.' 

I  am  most  concerned  in  advocating  the  pressing  necessity  of  adequate  space 
for  the  National  Museum  of  Natural  History,  wherever  administrative  wisdom 
may  see  fit  to  locate  it.  And,  wherever  that  Museum  may  ultimately  stand, 
it  is  the  duty  of  the  Representative  of  Associated  British  Science  here  to 
urge  that  the  Curator  of  each  class  of  animals  should  have  assigned  to  him 
the  charge  of  delivering  a  public  course  of  lectures  on  the  characters,  prin- 
ciples of  classification,  habits,  instincts,  and  economical  uses  of  such  class. 

*  "  Report  to  theTrostees  of  the  British  Museum  from  the  Superintendent  of  the  Natoral 
History  Departments,  7th  Janoary,  1857,"  Parliamentary  printed  Paper,  379,  p.  23  (1858). 
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Tbe  most  daborate  and  beautiful  of  created  things — those  manifesting 
lilSe — have  much  to  teach — much  that  comes  home  to  the  business  of  roan, 
and  also  to  the  highest  elements  of  his  moral  nature.  The  nation  that 
gathers  together  thousands  of  corals,  shells,  insects,  fishes,  birds,  and  beasts, 
and  rotes  the  requisite  funds  for  preparing,  preserving,  housing  and  arran* 
ging  theoi,  derives  the  smallest  possible  return  for  the  outlay  by  merely  gazing 
and  wondering  at  the  manifold  variety  and  strangeness  of  such  specimens  of 
Natural  History. 

The  simplest  coral  and  the  meanest  insect  may  have  something  in  its 
history  worth  knowing,  and  in  some  way  profitable.  Every  organism  is  a 
character  in  which  Divine  wisdom  b  written,  and  which  ought  to  be 
expounded.  Our  present  system  of  opening  the  book  of  Nature  to  the 
masses;  as  in  the  Galleries  of  the  Britbh  Museum,  without  any  provision  for 
expounding  her  language,  is  akin  to  that  which  keeps  the  book  of  God  sealed 
to  the  multitude  in  a  dead  tongue. 

Finally,  in  reference  to  a  National  Museum  of  Natural  History,  I  would 
respectfully  solicit  the  attention  of  the  Administrator  to  the  successful 
working  and  unprecedented  progress  of  the  National  Botanical  Esta- 
blishment at  Kew,  of  the  Museum  of  Practical  Geology  in  Jermyn  Street, 
and  of  the  Museum  of  Practical  Art  at  South  Kensington,  in  reference  to 
the  rdations  of  the  eminent  Directors  of  those  establishments  to  Govern- 
ment For  this  opens  the  question,  whether  in  the  event  of  acquiring,  in 
whatever  locality,  the  element  essential  to  a  National  Museum  of  Natural 
History — space — any  intermediate  organization,  unknown  in  the  public  esta* 
blishments  above  cited,  be  really  needed  in  the  case  of  Natural  History,  in 
order  to  afford  Parliament  and  the  public  the  requisite  guarantee  of  the 
good  condition  of  the  Collections,  and  the  efficient  discharge  of  the  duties 
and  functions  of  the  National  Museum  of  Natural  History. 

The  sciences  promoted  by  the  statistical  Section  F.,  although  bearing  more 
inmiediately  than  any  others  on  the  prosperity  of  nations  and  the  well-being 
of  mankind,  had  no  existence  in  the  time  of  Bacon. 

We  look  in  vain  for  any  evidence,  for  example,  of  a  dear  conception  of 
Sanitary  Science,  or  the  doctrines  preventive  of  disease,  in  the  writings  of 
that  great  philosopher  and  politician.  The  only  approach  to  Statistics  which 
we  find  in  the  *  Historia  VitsB  et  Mortis,'  for  example,  is  a  collection  of  in- 
stances of  longevity ;  and  the  main  aim  of  that  Essay  seems  to  have  been  the 
extreme  prolongation  of  particular  or  individual  life,  not  the  insurance  of 
average  longevity  to  the  species.  Some  remarks  ou  the  advantage  of  pure 
air  are  congenial  with  the  aims  of  the  modern  sanitary  philosopher ;  but  he 
fimte  no  evidence  of  Bacon's  conception  of  its  importance  to  the  masses, 
or  of  the  means  of  ensuring  it  to  populous  cities,  for  prevention  of  plague 
and  pestilence.  Sanitary  science,  as  a  great  power  for  mankind,  in  the 
Baeonian  sense,  is  of  very  recent  growth :  and,  whether  we  consider  the  pre- 
sent evidence  of  its  potency  where  it  has  been  rightly  applied,  or  the  present 
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evidencse  of  the  miserable  results  of  its  neglect,  we  must  be  stimukled  to  use 
every  eflTort  to  promote  its  progress  and  impress  its  importance  on  all  wko 
may  aid  therein. 

Long  after  Lord  Bacon's  day,  the  plague,  the  ferer  of  the  *  black  assise* 
and  the  like  visitations,  which  drove  Courts  and  Parliaments  and  Royal 
Societies  from  town  to  country,  were  met  only  by  rude  quarantine  imprison* 
ments  of  the  sicjk,  which  greatly  aggravated  the  sum  of  mortality.  Aeei* 
dents,  such  as  the  fire  of  London,  subliming  much  old  and  vested  filth,  and 
followed  by  wider  streets  and  better  dwellings,  produced  resulU  which 
opened  the  eyes  of  a  few  thinkers  to  the  relation  between  eertain  pkyaical 
conditions  and  the  non-return  of  the  plague. 

Now,  however,  these  relations  have  been  comprehensively  investigated ;  tke 
diseases  produced  or  aggravated  by  preventible  conditions  are  well  known  ; 
the  most  efficient  and  economical  modes  of  prevention  have  been  the  subject 
of  successful  and  convincing  experiment.  But  men  are  slow  to  act  where 
thp  profitable  result  is  not  direct  Health,  we  call,  with  cuckoo-^ry,  the 
greatest  blessing ;  but  practically  it  is  daily  sacrificed  to  ambition,  wealthy 
pleasure,  and  a  hundred  aims  in  which  duty  takes  no  necessary  part.  That, 
however,  is  an  affair  of  individual  free-will  with  which  abstract  science  has 
no  business. 

But  in  reference  to  inevitable  aggregates  of  mankind,  the  nation  is  con- 
pemed  in  the  science  which  seeks  their  especial  bodily  well-being.  Fleets, 
armies,  manufactories,  workshops,  the  localities  in  towns  where  wage-peofrfe* 
congregate, — such  are  conditions  of  citizens  in  which  it  behoves  the  State^ 
to  the  utmost  constitutional  extent  of  its  power,  to  apply  the  ascertained 
means  of  preventing  disease  and  death. 

Perhaps  the  most  exemplary  instances  of  the  value  and  economy  of 
sanitary  science  are  afforded  by  the  records  of  the  British  Navy,  espedaDy 
since  the  period  of  Capt.  Cook,  whose  name,  were  I  to  select  one,  as  a  prime 
promoter  of  the  science,  would  be  that  which  I  should  adduce  with  highest 
yeneration.  Some  of  the  Arctic  Expeditions,  also,  illustrate  in  an  exemphuy 
degree  the  value  of  preventive  measures  in  maintaining  health  under  difficult 
and  depressing  circumstances. 

Our  armies  have  yet  to  receive  the  benefit  of  what  is  now  known  in  the 
prevention  of  death  by  disease.  To  what  extent  they  have  to  benefit  by  it 
has  been  made  plain  by  the  results  of  recent  investigations,  in  whicli 
the  testimony  of  Florence  Nightingale  shines  forth  as  the  beacon  which 
lights  to  better  measures. 

>*  I  ventore  to  propose  this  term  u  finse  from  th«  oli!i«Blioai  that  have  been  mad*  <« 
'<  lower  ord«n,"  "  hmnbler  daiset,"  **  poorer  classes/'  *'  working  disses," ''  laborning  popa- 
lation/'  &c.  The  two  former  are  a  reflection  on  those  who  are  so  designated ;  and  the  two 
latter  are  an  implied  reflection  on  all  other  classes,  as  if  left  to  a  life  of  vacant  tnoccopatioii. 
They  are  ii^vrionsly  misleading  terms.  The  true  spedlo  character  oi  the  gnat  daas  in 
qaMkkm  is  aeea  by  the  Natmallst  to  be  '<  payment  by  wages" ;  it  is  the  "  w^ge-dssa." 

Digitized  by  VjOOQ IC 


ADD^BSS*  XCIX 

Tte  iwtilto  of  the  laboure  of  the  Sanitary  Commifsioiiers  in  the  Crimea, 
aidioiigh  the  applicatioo  of  their  preventive  acienee  was  an  after-!thought» 
uA  bte,  most  liave  convinced  the  most  sceptical  of  military  men  of  its 
inporlanae.  It  became  one  of  the  elements  of  the  ultimately  superior  oon« 
ditioB  of  the  English  part  of  the  Allied  army*. 

How  laige  a  proportion  of  loss  in  the  French  force  was  due  to  the  abtCBoe 
of  aegiect  of  preventive  measures,  we  learn  from  the  recent  ^  Relation  Medico* 
ckivoigicale  de  la  Campagne  d'Orient '  of  M.  Scrive,  the  head  of  the  Medical 
DiqiartmeBt  of  the  French  army  during  that  campaign ;  and  from  the  admi« 
nUe  paper  on  the  same  subject  by  Dr.  Gavin  Milroy»  Menher  of 
the  Sanitary  Coounission  to  the  British  Army  in  the  East  To  cite  our 
Dsighbour's  case,  in  which  the  organization  of  the  land-serviee  haa  a  high 
Fqrateb  out  of  a  force  which  averaged  during  a  period  of  twenty  months 
101,000^  upwards  of  198>000  men  were  sent  into  hospital,  t.  s.  at  the  rale  of 
ftom  9000  to  10,000  per  month.  About  one^fifth  of  theae  admissions  wera 
from  wounds  and  mechanical  injuries;  the  rest  were  from  disease.  The 
deiths  in  the  hospitals  at  Constantinople  amounted  to  28,000;  dsewhei% 
SI  in  the  camp  and  the  field-ambulances,  the  deaths  were  2M00,  exchtthrse 
of  7500  shun  m  action.  Of  the  28,400  deaths  under  treatment,  aboat 
4000,  or  a  seventh  part  of  the  whole,  arose  from  gnn-shot  wonads  and 
aeeideptSj  the  other  aU-sevenths  being  the  result  of  disease.  The  ofi&oial 
reterai  giye  %  total  loss  from  all  causes  during  the  whole  Crimean  eamjiaiga 
af  7(\000:  it  is  believed  to  have  exceeded  that  figuie  by  10,000.  66,000 
mea,  ^t  of  309^268,  sent  from  France  and  Algeria,  were  invaUded  fai  eoa% 
sequence  of  disablement  from  wounds  or  the  effect  of  disease. 

Dr.  Sprive  points  out  ihs^  if  the  buildings  at  Gallipoli  had  been  inspeated 

*  Thoe  results  cannot  be  better  stated  than  in  the  words  of  Miss  Nighting^e,  in  an  ||^ 
fell  lor  ttie  oTganiza:don  of  a  preventiye  administration!  founded  on  the  sanitary  history  of 
IhsfiliiiM  eanpalgB. 

"  it  iib"  alls  aqn, ''  a  eomplete  example— -faistmy  does  aot  sfbid  its  mpaSt^^  tm  an^r, 
after  a  gnat  disaster  adsing  from  n^lect,  having  been  broi^t  into  the  hi^^eiit  iftstasf 
heahh  and  efficiency.  It  is  the  whole  experiment  on  a  colossal  scale.  In  aU  other  eiampjbei^ 
file  last  step  has  been  wanting  to  complete  the  solution  of  the  problem.  We  had,  ia  the 
)M  sera  montiis  oi  the  Crimean  campaign,  a  mortality  among  the  troops  of  60  per  cent, 
pv  samuBiy  trook  dksssp  atoner-a  rate  of  mortaHty  which  exceeds  that  of  the  gmt  plagttflp 
<tf  Londoot  '^  *  higliei  ratio  than  the  mortality  of  the  cholera  to  the  attacks;  thai  it  la 
ny,  there  died  out  of  the  army  in  the  Crimea  an  annual  rate  greater  than  ordinadljc  die  ia 
time  of  pestilence  out  of  the  sick.  We  had,  during  the  last  six  months  of  the  war,  a  mor- 
tritty  amcnig  our  met  not  much  more  than  among  our  healthy  Guards  at  home ;  and  a  mor- 
taity  aaMBig  cm  troops^  in  the  last  five  months,  two4hirds  only  of  what  it  is  among  our 
tmops  at  home.  The  mortality  among  the  troops  of  the  Une  at  hon^,  when  sonscte4  sa  il 
oas^  to  be,  accoEding  to  the  proportion  of  different  ages  in  the  senrice,  has  beea^  oa  a» 
iversge  of  ten  years,  18*7  per  1000  per  annum,  and  among  the  Guards,  20*4  per  1000  ysx 
mnm.  Comparing  this  with  the  Crimean  mortality,  for  the  last  six  months  of  our  occu- 
pMioB,  m  tod  that  the  deaths  to  admis^ns  were  24  per  1000  per  annum ;  and  during  the 
Kit  fie  sMBlbSt  ^i^  Janaary  to  May  185^,  the  mortality  among  the  tio^pa  cUnal  wias# 
11*$  per  1000  per  annnm.    Is  not  this  the  most  complete  expepment  in  9H[apjg  hjigjua^  *'  .* 
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and  made  fit  for  the  purpose  before  they  were  occupied  as  an  hospital,  « 
regiment  of  active  young  soldiers  might  have  been  saved. 

At  Varna,  a  Turkish  barrack  within  the  walls  was  prematurely  occupied  as 
an  hospital :  it  had  to  be  abandoned  after  great  loss  of  life.  Fewer  men  fell 
in  the  unsuccessful  attack  upon  the  Malakoff  on  the  18th  of  June  than  suc- 
cumbed in  the  rash  attempt  to  use,  as  an  hospital,  a  place  which  had  not  been 
previously  fitted  for  one.  And  the  time  and  labour  required  by  the  Sanitary 
Inspector  to  efffect  their  fitness  are  as  nothing  compared  with  the  prelimi- 
nary approaches  to  the  Malakoff,  and  with  the  delay  and  impediments  caused 
by  the  prostration  of  a  large  proportion  of  effective  force  by  disease. 

Witliout  consulting  the  medical  staff,  it  was  determined  to  move  from 
Varna  to  the  notoriously  malarial  region  on  the  south  of  the  Danube, 
called  the  Dobrudscha.  On  the  20th  of  July  the  first  division  of  the  army 
moved  from  Varna;  on  the  26th  the  cholera  broke  out  Hundreds  of  men 
were  struck  down  at  once,  and  died  within  a  few  hours  after  being  seized : 
in  one  regiment  800  men  were  attacked  within  twenty-four  hours,  and 
most  of  them  died  on  the  spot  Appalled  by  the  blow,  the  commanding 
officer  retreated,  as  from  before  an  overwhelming  force ;  but,  ere  he  could 
reach  the  healthier  locality,  one-third  of  the  division  had  perished,  and  num- 
bers reached  the  coast  only  to  expire  on  the  beach. 

No  enemy  had  been  encountered  save  that  one,  of  whose  power  and  pre« 
ienoe  sanitary  science  had  in  vain  forewarned  the  commander.  On  the 
return  of  the  first  division  to  Varna,  a  force  of  12,000  had  been  reduced 
to  7000;  the  yictims  including  two  general  officers  and  seven  medical 
officers* 

Not  to  weary  by  other  special  instances  of  the  effect  of  neglectmg  pre- 
ventive preparatory  sanitary  measures,  I  may  sum  up  by  the  statement  that 
one  pestilence,  in  the  marshes  of  the  Danube,  within  two  months,  out  of  an 
army  55,000  strong,  and  before  a  shot  had  been  fired,  had  destroyed  as  many 
men  as  were  slain  by  the  enemy  in  the  field  during  the  twelve  months  from 
the  landing  in  the  Crimea  to  the  capture  of  Sebastopol,  and  when  the 
army  averaged  double  the  above  number  of  men. 

That  this  pestilence,  or  its  fatal  effects,  might  have  been,  in  an  important 
degree,  prevented  by  practicable  applications  of  sanitary  science  is  the  convic- 
tion of  the  ablest  medical  officers  of  the  French  and  English  armies ;  and 
this  conviction  was  substantiated  by  the  results  of  the  Sanitary  Com* 
mission  which  operated  in  the  English  lines  before  SebastopoL  These  au- 
thorities concur  in  the  conclusion  that  three-fourths  of  the  losses  of  an  army 
in  the  field  are  not  from  the  enemy  or  from  unavoidable  casualties  of  service, 
•'but  from  diseases  which  are  more  or  less  under  control."  "Of  these,** 
writes  Dr.  Milroy,  "  typhus  and  scurvy  are  two  of  the  most  formidable,  and 
the  most  easily  preventible.  They  are  the  inevitable  products  of  certain 
well-ascertained  conditions,  and  they  may  be  generated  at  will  as  surely  as 
any  salt  or  other  compound  may  be  formed  by  the  chemist  in  his  laboratory. 
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And  yet  it  waa  these  very  evib  which  bat  two  years  ago  brought  the  noble 
army  of  a  mighty  natioD,  at  the  close,  too,  of  a  glorious  campaign,  to  almost 
the  Terge  of  destnictioD.** 

I  may  allude  to  one  other  point  which  sanitary  science  would  suggest  to 
the  administrator  in  reference  to  the  clearly-ascertained  effects  of  too  little 
pure  air,  and  too  much  foul  air  inspired  continuously  during  a  given 
period. 

The  skilled  soldier  being  of  a  given  value  when  landed  healthy  and  strong 
in  the  Crimea  or  at  Calcutta,  query,  whether  it  be  more  economical  to  carry 
1000  in  one  ship,  landing  500  sick,  enfeebled,  and  prepared  to  fall  into 
and  engender  epidemics,  or  to  carry  the  1000  in  two  such  ships,  and  land 
them  healthy  and  fit  for  action  ?  The  same  administrative  question  applies  to 
barracks  and  hospitab* 

One  noble  use  and  adequate  application  of  so  vast  a  triumph  of  naval 
architecture  as  Mr.  Scott  Russell's  <  Leviathan '  would  be  its  carrying  troops 
in  good  condition  as  regards  health,  for  which  its  capacity  especially  fits  it. 

When  authority  becomes  impressed  with  a  conviction  stimulating  to  action 
of  the  importance  of  sanitary  science,  it  will  insist  on  the  possession,  by  the 
army  medical  officers,  of  the  elements  of  that  science  as  well  as  of  the  prin- 
cipWa  of  practice  in  the  cases  of  disease  and  the  treatment  of  wounds.  But^ 
in  order  that  an  army  may  bene6t  by  the  doctors'  knowledge  of  preven« 
tire  medicine,  authority  should  direct  preliminary  examinations  and  reports 
of  sites  for  encampment, — of  buildings  for  barracks  and  hospitals, — of 
clothes  for  extreme  climates,  and  the  like,  and  should  command  that  such 
reports  be  acted  upon,  where  no  urgent  circumstances  or  inevitable  move- 
ments preclude  the  adoption  of  the  means  for  the  prevention  of  decimating 
fevers  and  choleras. 

Bonaparte's  military  science  was  characterized  by  the  rapid  concentration 
of  his  forces  upon  a  given  point.  A  like  success  and  superiority  may  attend 
the  oonmiander  who  keeps  the  greatest  proportion  of  his  men  in  good  work- 
ing trim.  The  healthier  the  man  the  longer  and  quicker  will  he  march.  And 
the  care  which  foresees  and  provides  for  the  efficient  fighting  order  of  a 
force  is  quite  compatible  with  the  most  intrepid  handling  of  that  force  in  the 
field  of  battle. 

As  to  the  dense  populations  in  civil  life,  the  number  of  towns  in  England 
in  which  the  sewage  is  rapidly,  efficiently,  and  economically  carried  off  by 
water-power  and  hydraulic  apparatus,  constitute  so  many  experimental 
demonstrations  of  the  success  attending  a  proper  unintermitting  water-supply 
and  co-adjusted  system  of  tubular  drainage.  Lancaster,  Penrith,  Alnwick, 
Barnard  Castle,  Rugby,  Croydon,  Ely,  are  instances  in  which  aVe  demon- 
strated the  diminution  of  fever  and  other  causes  of  untimely  death, — the 
augmentation  of  the  cleanliness  and  comfort  of  the  wage-classes, — the  eco- 
nomy in  the  wear  of  all  washable  articles  through  the  supplies  of  pure  water, 
—collateral  and  unexpected  economies  in  regard  to  fire-insurance,  from  the 
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power  of  rapid  extinction  of  conflagration  which  the  unintermitting  systeHi 
affordi, — the  purity  of  the  atmosphere  in  formerly  foetid  courts  and  alleys, — 
these  and  other  inestimable  material  advantages  have  resulted,  and  will  result 
with  progressively  increased  benefit  as  time  goes  on. 

Lord  Bacon  observes,  in  his  suggestions  for  an  inquiry  into  the  causes  of 
death, — ^'  And  this  inquiry,  we  hope,  might  redound  to  a  general  good,  if 
physicians  would  but  exert  themselves  and  raise  their  minds  above  the  sordid 
considerations  of  cure;  not  deriving  their  honour  from  the  necessities  of 
mankind,  but  becoming  ministers  to  the  Divine  power  and  goodness  both  in 
prolonging  and  restoridg  the  life  of  man  ;  especially  as  this  may  be  efiected 
by  safe,  commodious,  and  not  illiberal  means,  though  hitherto  unattempted. 
And  certainly  it  would  be  an  earnest  of  Divine  favour,  if,  whilst  we  are  joar- 
neying  to  the  land  of  promise,  our  garments,  these  frail  bodies  of  ours,  were 
taot  greatly  to  wear  out  in  the  wilderness  of  this  world." 

Amongst  his  special  topics  of  inquiry  are  these : — 

'<  Inquire  into  the  length  and  shortness  of  men's  lives  according  to  the 
times,  countries,  climates,  and  places  in  which  they  were  bom  and  lived." 

**  Inquire  into  the  length  and  shortness  of  men's  lives  according  to  their 
food,  diet,  manner  of  living,  exereise,  and  the  like.  With  regard  to  the  air 
in  which  they  live  and  dwell,  I  consider  that  ought  to  be  inquired  into  under 
the  former  article  concerning  their  places  rfiUtode" 

Now  these  inquiries  have  in  our  times  been  made  chiefly  in  the  fbmi  and 
by  the  authority  of  Sanitaiy  Commissions;  in  the  successful  working  of 
which  the  name  of  Edwin  Chadwick  stands  foremost 

By  these  commissions  it  has  been  shown,  as  a  general  result,  that  nearly 
one-half  the  prevalent  diseases  are  due  to  one  or  other  form  of  atmospheHe 
impurity ;  impurity  from  decomposing  faecal  or  animal  and  vegetable  mattier» 
within  and  without  human  habitations,  and  beneath  the  sites  of  towns,  and 
atmospheric  impurity  from  over-crowding. 

For  the  prevention  of  the  diseases  arising  from  these  causes,  the  sanitary 
physician  must  direct  his  requisitions  not  to  the  apothecary,  but  to  the  pro- 
fessor of  new  arts,  which  are  only  partially  created, — the  art  of  the  sanitary 
architect  and  the  art  of  the  sanitary  engineer.  The  latter  has  already  beea 
officially  shown  how  he  may  collect  water  from  natural  and  artificial  springs^ 
eonvey  it  into  houses  unintermittingly  fresh,  and  without  stagnation,  and  by 
its  means  remove  from  houses,  through  self-cleansing  drains  and  self-clean- 
sing sewers,  constantly  and  before  noxious  decomposition  can  commedoe,  all 
fifecal  and  waste  animal  and  vegetable  matter. 

In  model  dwellings,  where  the  sanitary  conditions  have  been  as  yet 
applied  only  in  a  rudimentary  manner,  the  death-rate  has,  in  fact,  been 
steadily  kept  down  to  thirteen  in  a  thousand,  or  much  less  than  one-half 
that  which  prevailed  in  London  when  Bacon  lived,  or  little  more  thaa 
one-half  of  the  death-rate  which  prevails  there  now.  In  fact,  it  is  proved 
to  be  practicable  to  make  those  garments— the  fhdl  bodies  of  the  po|iir- 
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lalHm-^Ul8t  full  ted  yean»  or  probably  one-third  longer,  in  the  wildemea* 
of  tbiB  world. 

In  our  time  physicians  have  ably  exerted  themselves  in  aid  of  the  sanitaiy 
engineer  and  adminbtrator.  Their  general  sentiments  have  been  long  ex* 
prened  in  such  terms  as  those  of  Dr.  Willis  of  Kelso :— "  It  is  impossible  to 
avoid  the  eonclasion  that  much  more  might  still  be  accomplished  could  we 
be  indboed  to  profit  by  a  gradually  extending  knowledge,  so  as  to  found 
upon  it  a  more  wisely  directed  practice.  When  man  shall  be  brought  to 
acknowledge  (as  truth  must  finally  constrain  him  to  acknowledge)  that  it  is 
by  his  own  hand,  through  bis  neglect  of  a  few  obvious  rules,  that  the  seeds 
of  disease  are  most  lavishly  sown  within  his  frame,  and  diffused  over  com- 
munities ;  when  he  shall  have  required  of  medical  science  to  occupy  itself 
rather  with  the  prevention  of  maladies  than  with  their  cure ;  when  govern- 
ments shall  be  induced  to  consider  the  preservation  of  a  nation's  health  an 
object  as  important  as  the  promotion  of  its  commerce  or  the  maintenance  of 
its  conquests,  we  may  hope  then  to  see  the  approach  of  those  times  when, 
after  a  life  spent  almost  without  sickness,  we  shall  close  the  term  of  an  un- 
barassed  existence  by  a  peaceful  euthanasia.'* 

It  is  to  the  landlord, — to  the  representative  landlords  and  owners  of  habi- 
tations,— in  parliament,  to  whom  exhortations  are  now  required  to  be 
addressed,  to  raise  their  minds  above  **  the  sordid  considerations  "  of  the  ex- 
penses of  cure,  that  is^  of  the  expenses  of  those  sanitary  works  of  combined 
drainage  and  water-su|^ply,  which  it  id  their  province  to  provide. 

It  is  rightr  however,  to  state  that  advances  in  well-directed  practical  ap- 
plications of  sanitary  science  are  advances  in  economy ;  that  two  houses  and 
two  toums  may  receive  constant  supplies  of  water  at  the  expense  formerly 
incurred  for  supplying  one  on  the  intermittent  system,  with  its  stagnancy  and 
poflutioiis  in  house  cisterns  and  large  storage  reservoirs.  It  remains  for  the 
legislature  and  local  administrations  to  make  prevalent  that  which  is  proved 
to  be  practicable  for  the  public  good,  and  to  ensure  that  good  at  the  econo- 
■ical  rate  at  which  particular  instances  afford  demonstrations  that  it  is 
ichievable. 

Agricultut^  has  of  late  years  made  unusual  progress  in  this  country,  and 
aitich  of  that  progress  is  due  to  the  application  of  scientific  principles ;  chiefly 
of  those  supplied  by  chemistry,  in  a  less  degree  of  zoology  and  physiology : 
iOBie  minor  help  in  regard  to  the  more  effectual  abatement  of  noxious  insects 
has  been  had  fix>m  entomology ;  recent  discoveries  of  the  metamorphoses, 
metagenesis,  and  the  course  and  modes  of  transmission  of  internal  parasites, 
have  afforded  a  rational  explanation  of  some  traditional  precautionary  rules 
of  herdsmen,  in  reference  to  the  *  rot '  in  sheep,  from  fluke-worms  and  hydatids ; 
and  more  direct  power  of  preventing  epizootics  will  doubtless  be  obtained 
from  entozoology. 

Geology  now  teaches  the  precise  nature  and  relations  of  soils,  a  knowledge 
ef  great  practical  importance  in  guiding  the  drainer  of  land  in  the  modifi- 
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cations  of  his  general  rules  of  practice.  Palseontology  has  brought  to  light 
unexpected  sources  of  valuable  manures,  in  phosphatic  relics  of  ancient  animal 
life,  accumulated  in  astounding  masses  in  certain  localities  of  England,  as, 
for  instance,  in  the  red-crag  of  Suffolk,  and  the  greensands  of  Cambridge. 

But  enormous  quantities  of  azotic*  ammoniacal,  and  phosphatic  matters 
are  still  suffered  to  run  to  waste ;  and,  as  if  to  bring  the  wastefulness  more 
home  to  conviction,  these  products,  so  valuable  when  rightly  administered, 
become  a  source  of  annoyance,  unremunerative  outlay,  and  disease,  when,  as 
at  present  in  most  towns,  imperfectly  and  irrationally  disposed  of. 

For  the  most  part,  thought  is  taken  only  how  to  get  rid  of  these  pro- 
ducts in  the  easiest  and  quickest  way.  The  metropolitan  authorities  have 
hitherto  carried  the  chain  of  reasoning  no  further.  They  have  turned  them 
into  the  Thames,  the  receptacle  nearest  at  hand ;  but  in  so  doing  have  failed 
in  their  prime  intention.  The  metropolis  is  not  even  rid  of  its  excreta ;  but 
they  have  returned  upon  it  and  accumulated,  with  increased  noxious  and 
morbific  power,  on  the  strands  of  the  valley  that  bisects  it ;  appealing,  as  is 
notorious,  summer  after  sununer,  to  the  very  legislature  itself,  with  uninter- 
mitting  and  importunate  odours,  compelling  the  attention  of  the  possessors 
of  lands  and  houses  to  this  important  subject* 

Now  here  I  would  beg  leave  to  remark  that,  in  the  operations  of  Nature, 
there  is  generally  a  succession  of  processes  coordinated  for  a  given  result : 
a  peach  is  not  directly  developed  as  such  from  its  elements ;  the  seed  would, 
a  priori,  give  no  idea  of  the  tree,  nor  the  tree  of  the  flower,  nor  the  fertiUzed 
germ  of  that  flower  of  the  pulpy  fruit  in  which  the  seed  is  buried.  It  is 
eminently  characteristic  of  the  Creative  Wisdom,  this  far-seeing  and  prevbion 
of  an  ultimate  result,  through  the  successive  operations  of  a  coordinate  series 
of  seemingly  very  different  conditions. 

The  further  a  man  discerns,  in  a  series  of  conditions,  their  cordination  to 
produce  a  given  result,  the  nearer  does  his  wisdom  approach — though  the 
distance  be  still  immeasurable — to  the  Divine  wisdom. 

One  philanthropist  builds  a  fever-hospital,  another  drains  a  town.  One 
crime-preventer  hangs  the  man,  another  trains  the  hoy.  One  financier 
would  raise  money  by  augmenting  a  duty,  or  by  a  direct  tax,  and  finds  the  re- 
venue not  increased  in  the  expected  ratio.  Another  diminishes  a  tax,  or  abo- 
lishes a  duty,  and  through  foreseen  consequences  the  revenue  is  improved. 

Quarantine  exemplifies  only  the  first  step  in  the  progress  of  thought,  bearing 
on  the  prevention  of  a  dreaded  distemper.  It  is  a  system  which  might  keep 
out  contraband  goods  or  uncertified  strangers,  but  it  is  powerless  against 
the  gaseous  factors  of  plague,  cholera,  or  yellow  fever.  No  European 
country  suffers  more  from  such  maladies  than  Naples  or  Portugal,  where 
quarantine  regulations  are  most  stringent 

Agriculture,  let  me  repeat,  has  made  and  is  making  great  and  encouraging 
progress.  But  much  yet  remains  to  be  done.  Were  agriculture  adequately 
advanced,  the  great  problem  of  the  London  sewage  would  be  speedily  solved. 
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Can  it  be  snppoAed,  if  tlie  rural  difltricts  about  the  metropolb  were  in  a  con« 
dition  to  avail  tberoselTet  of  a  daily  supply  of  pipe-water  not  more  than 
equivalent  to  that  which  a  heavy  shower  of  rain  throws  down  on  2000  acres 
of  land,  but  a  supply  charged  with  30  tons  of  nitrogenous  ammoniacal  prin- 
ciplesy  that  such  supply  would  not  be  forthcoming,  and  made  capable  of 
being  distributed  when  called  for  within  a  radius  of  100  miles?  I  believe 
Ihaty  were  the  call  made  as  loudly  as  it  undoubtedly  would  be  under  the 
exigencies  of  a  more  advanced  stage  of  agricultural  mechanics,  the  skill  of 
our  engineers,  with  the  constructive  powers  of  our  machine-makers,  both 
earried  to  a  d^ree  of  perfection  which  the  world  never  before  saw,  would 
speedily  and  successfully  meet  the  call,  and  leave  nothing  but  the  rainfall  of 
the  metropolis  to  seek  its  natural  receptacle — the  Thames. 

To  send  ships  for  foreign  ammoniacal  or  phosphatic  excreta  to  the  coast 
of  Peru,  and  to  pollute  by  the  waste  of  similar  home  products  the. noble 
liver  bisecting  the  metropolis,  and  washing  the  very  walls  of  our  Houses  of 
Farliament,  are  flagrant  signs  of  the  desert  and  uncultivated  state  of  a  field 
where  science  and  practice  have  still  to  cooperate  for  the  public  benefit* 

To  promote  this  cooperation,  effectual  aid  may  be  given  by  a  recently 
established  kindred  Association,  through  the  advancement  of  the  legislative 
and  administrative  sciences.  For  it  is  the  present  condition  <of  those  social 
sciences  which  forms  the  chief  obstacle  to  the  practical  application  of 
Sanitary  science*  Of  thb  science,  it  may  be  confidently  averred  that,  be- 
ndes  providing  means  for  the  relief  of  town-populations  from  excessive 
sickness,  it  has,  in  a  sufficient  number  of  instances,  provided  means  for  the 
prevention  of  the  pollution  of  rivers  as  well  as  for  applying  the  nuinure  of 
towns  to  fertilize  the  land.    ^ 

The  application  of  those  means  now  rests  with  the  Legislator  and  Ad«- 
ministrator,  and  involves  questions  which  are  not  within  the  province  of 
the  British  Association*. 

Some  of  our  sciences  are  deeply  concerned  in  one  progressive  step, — the 
uniformity  of  standard  in  measure  and  weight  throughout  the  civilized 
world ;  in  urging  on  which  step,  energetic  and  unwearied  efforts  are  now 
being  made  by  a  Committee  of  our  fellow-labourers  of  the  Royal  Society  of 
Arts,  amongst  whom  the  name  of  the  prime  promoter  of  this  and  kindred 
reforms,  Mr.  James  Yates,  deserves  especial  and  honourable  mention. 

Chemistry  is  more  concerned  in  the  uniform  expression  of  the  results  of 
her  delicate  balances  amongst  her  cultivators  of  differeut  countries :  Natural 
History  is  no  less  interested  in  the  use,  by  all  observers,  of  one  and  the  same 
scale  for  measuring,  and  of  one  set  of  terms  for  expressing  the  superficial 
dimensions  of  her  subjects.    Practically,  I  may  state  that  I  have  found  the 

*  Serrioet  on  three  succenive  Sanitary  Commissions,  on  the  First  ConsoHdated  Metro- 
l^oHtan  Sewers  Commlssioti,  and  at  the  Board  of  Health,  have  led  me  to  enter  at  undoe 
kigth  on  Sanitary  matters,  and  are  pleaded  in  exoase. 
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French  mdtre»  and  its  Babdivisions  down  to  the  millimetre*  adequate  to  giT^ 
all  the  needM  data  of  this  kind  for  comparison  of  saperficial  dimensions  in 
the  varied  and  extensive  range  of  objects  to  ^ich  mjr  business  and  pursuits 
have  led  me  to  pay  attention.  Of  the  hindrances  to  progress  and  incon- 
veniences of  the  'foot,'  the  '  inch/  and  its  duodecimal  parts  or  lines,— rarely 
the  same  in  any  two  countries, — I  have  elsewhere  spokeii  and  argued. 

The  whole  sul:ject  of  a  uniform  system  of  weights,  measures,  and  current 
coin,  will  occupy  the  attentiota  of  a  section  of  the  Association  for  the  Advance- 
mtsnt  of  Social  Science,  which  will  meet  at  Liverpool  shortly  after  the  termi- 
liation  of  the  present  Meeting.  This  b  by  no  means  the  only  point  at  which  the 
Natural  and  Social  Sciences  touch  and  react  on  each  other  with  mutual 
advantage.  The  proximity  of  the  periods  of  the  annual  assemblage  of  th6 
promoters  of  these  respective  sciences,  together  with  the  occurrence  of  both, 
this  year,  in  the  North  of  EngUmd,  is  favourable  to  the  fruition  of  such 
ildvantages,  by  facilitating  attendance  at  both  Associations :  and  in  future 
years^  the  conditions  of  time  and  place  of  meeting,  making  it  easy  f6r  A 
Member  of  the  British  Association  to  attend  also  the  Association  f6r  Socihl 
Science,  and  reciprocally,  might,  with  a  view  to  mutual  advantage  and 
cooperation,  be  a  subject  worthy  of  the  consideration  of  the  respective  Coun- 
cils of  those  Bodies. 

In  reference  to  the  relations  now  subsisting  between  the  State  and 
Science  my  first  duty  is  to  express  our  grateful  sense  of  such  measure  of 
aid,  cooperation,  and  countenance  as  has  been  allotted  to  Scientific  Bodies* 
Enterprises  and  Discoveries;  more  especially  tb  acknowledge  how  highly  we 
prize  the  sentiments  of  the  Sovereign  towards  odr  works  and  aim%  mani- 
fested by  spontaneous  tribute  to  successful  scientific  research,  in  honourable 
Titles  and  Royal  gifts,  and  above  lUl,  in  the  gracious  expressions  accom- 
panying them,  with  which  Her  Majesty  has  been  pleAsed  to  distinguish  some 
of  our  Body.  Happy  are  we,  under  the  present  benignant  Reign,  to  have, 
in  the  Royd  Consort,  A  Prince  endowed  with  exemplary  virtues^  and  with 
such  accotnplishments  in  Science  and  Art  as  have  bnabled  His  Roy^  High- 
ness effectually,  arid  on  some  memorable  occasions,  in  the  most  importatit 
degree,  to  promote  the  best  interests  of  both.  W^  rejoice,  moreover,  ih  the 
t)r6spect  of  being  favoured  at  a  future  Meeting  by  the  Presidency  of  the 
Prince  Consort ;  and  that,  ere  long,  this  Association  may  give  the  oppor- 
tunity for  the  delivery  of  another  of  those  'Addresses,'  pregnatit  with 
deep  thought,  good  sense,  and  right  feeling,  which  have  placed  the  name 
of  PritaCe  Albert  high  in  the  esteem  of  the  Intellectual  Classes,  find  have 
engraven  it  deeply  in  the  hearts  of  the  humblest  Of  Her  Majesty's  sutjects. 

On  the  part  of  the  State,  sums  continue  to  be  voted  in  aid  of  the  ttaeans 
independently  possessed  by  the  British  Museum  and  the  Roya^  Society, 
whereby  the  Natural  History  Collections  in  the  first  are  extended,  and  the 
piore  direct  scientific  aims  of  the  latter  Instittttien  are  adnino^    Thd 
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Botanical  Grardens  and  MoMum  at  KeW)  and  the  Museum  of  Practical  Geo- 
togj  in  Jermyn  Street,  are  examples  of  the  National  Policy  in  regard  to 
Science,  of  which  we  can  hardly  over-estimate  the  importance.  Most  highly 
and  gratefully  also  do  we  appreciate  the  cooperation  of  the  *  Board  of  TVade ' 
with  onr  Meteorologista,  by  the  recent  formation  of  the  Department  fo^  the 
collection  of  meteorological  obeerrations  made  at  sea. 

Bat  not  by  wdrds  only  would,  or  does,  Science  make  return  to  Govern- 
menta  fostering  and  aiding  her  endeavours  for  the  puUic  weal.  Every  prac« 
tidll  application  of  her  discoveries  tends  to  the  same  end  as  that  which  the 
enlightened  Statesman  has  in  view. 

The  steam-engine  in  its  manifold  applications,  the  crime-decreasing  ga^ 
lathp,  the  lightning  iconductor,  the  electric  telegraph,  the  law  of  storms  and 
rttlei  for  th^  mariner*'d  guidllnce  in  them,  the  power  of  rendering  surgical 
operations  painless,  the  measures  for  preserving  public  health  and  for  pre- 
irentibg  or  mitigating  epidemics, — such  are  amobgst  the  more  important 
practical  results  of  pure  scientific  research  with  which  mankind  have  beeii 
bleased  and  States  enriched.  They  are  evidence  unmistakeable  of  the  close 
affinity  between  the  aims  and  tendencies  of  Science  and  those  of  true  StAte 
politcy.  In  proportion  to  the  activity,  productivity,  and  prosperity  of  a  cOdi- 
tiiiinity  is  its  power  of  responding  to  the  calls  of  the  Fitiance  Minister.  By 
a  fiu'-aeeittg  one,  the  man  of  Science  will  be  regarded  with  a  favourable  eye, 
act  less  for  the  unlooked-for  streams  of  we^th  that  have  already  flowed,  bat 
fbr  thote  that  may  in  future  arise,  out  of  the  applications  of  the  abstract 
tMtto  to  the  discovery  of  which  he  devotes  himself. 

This  may,  indeed,  demand  some  measure  of  faith  on  the  part  of  the  prac- 
Ucal  Statesman.  For  who  that  watched  the  philosophic  Black  experimenting 
oil  the  abstract  nature  of  Caloric  could  have  foreseen  that  his  discovery  of  latent 
h^t  would  be  the  stand-point  of  Watt's  invention  of  a  practically  operative 
gteam  engine  I  HOw  little  could  the  observed  of  Oersted's  subtle  arrafage- 
tnettt^  folr  converting  electric  into  magnetic  force  have  dreamt  of  Wheat- 
stone's  application  of  such  discovery  to  the  rapid  interchange  of  Ideas  now 
ijbdly  pnUstised  between  individuals  in  distant  cities,  countries,  and  continents  I 
Some  medical  contemporaries  of  John  Hukteh,  when  they  saw  him,  as 
they  thoiight,  wasting  as  much  time  in  studying  the  growth  of  a  deer's  horn 
as  th^y  would  have  beitowed  upon  the  symptoms  of  their  best  patient,  com- 
pssiionated,  it  is  said,  the  singularity  of  his  pursuits.  But,  by  the  insight  so 
gamed  itttO  the  irapid  enlargement  of  arteries.  Hunter  learnt  a  property  of 
those  vessels  which  emboldened  him  to  experiment  on  a  man  with  aneurism, 
and  so  to  iiitroduce  a  new  operation  which  has  rescued  from  a  lingering  and 
painful  death  thousands  of  his  fellow-creatures.  Our  great  inductive  physio- 
kigi^  in  his  dissections  and  experiments  on  the  lower  animalsj  was  *'  taking 
tight  what  may  be  wrought  upon  the  body  of  man." 

The  prodttetion  of  chloroform  is  amongst  the  more  subtle  experimental 
icsitlts  Of  modem  chemistry.    The  blessed  effects  of  its  proper  ethibition  ii) 
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the  dimioation  of  the  sam  of  human  agony  are  indescribable.  Bot  that 
divine-like  application  was  not  present  to  the  mind  of  the  scientific  chemist 
who  discovered  the  ansBsthetic  product,  any  more  than  was  the  gas-lit  town 
to  the  mind  of  Priestley  or  the  condensing* engine  to  that  of  Black. 

These  unexpected  {^plications  of  pure  Science,  fraught  with  such  incal* 
culable  influences  on  the  well-being  of  peoples,  ought  to  weigh  with  the 
Minister  to  whom  may  be  submitted  an  enterprise  in  Science  which  only  a 
nation  can  undertake,  or  the  considerations  of  a  scientific  establishment 
which  none  but  a  nation  can  support,  Much  of  the  improvement  in  refined 
machinery,  and  the  tools  for  making  it,  grew  out  of  the  requirements  and 
teaching  of  Babbage  during  the  construction  of  his  Calculating  Machines* 
Such  collateral  result,  alone,  has  made  a  manifold  return  for  the  sum  granted 
in  aid  of  the  realization  of  that  philosopher's  great  idea.  So  rare  a  combi- 
nation of  analytic,  inventive,  and  constructive  faculties  is  seldom  given  to 
man ;  and  the  generation  witnessing  such  a  mind  in  operation  would  be  wise 
to  secure  the  full  result  of  its  peculiarly  directed  enei^y. 

In  proportion  to  the  facilities  and  rapidity  of  exchange  and  transit  of 
goods,  of  men,  and  of  thought,  trade  and  commerce  expand ;  and  with  their 
expansion  grow  the  receipts  under  the  heads  of  Customs  and  Excise.  Every 
application  of  pure  mathematics  and  astronomy  to  the  making  voyages  safer 
and  speedier,— every  observation  by  such  instruments  as  the  Establishment 
of  the  British  Association  at  Kew  perfects  for  their  purpose,  giving  to  the 
mariner  fore-knowledge  of  storms,  and  teaching  him  their  course  and  lines 
of  greatest  intensity, — becomes  an  important  condition  in  enabling  a  country 
to  bear  the  burthen  of  taxation. 

The  steps  in  the  series  of  this  relation  have  been  so  plain  that  national 
encouragement  has  long  been  given  to  Astronomy.  As  clear  a  perception 
of  the  same  relation  and  tendency  of  discoveries  in  Chemistry,  Electricity, 
Electro-magnetism,  and  other  sciences,  led  Herschel,  long  ago,  to  ask  ^  Why 
the  direct  assistance  afibrded  by  Governments  to  the  execution  of  continued 
series  of  observations  should  be  confined  to  Astronomy  ?  " 

Faithfully  is  the  State  served  by  that  Science.  Most  exemplary  are 
those  observations  made,  and  every  astronomical  duty  bearing  on  the 
interests  of  society,  discharged,  in  the  Royal  Observatory  at  Greenwich,  the 
good  repute  of  which  grows  and  spreads  year  by  year  under  its  present 
indefatigable  Chief.  Year  by  year,  almost,  arises  the  necessity  for  some  addi* 
tional  instrument  to  meet  the  ever-expanding  relations  and  requirements  of 
Astronomy  and  Meteorology. 

But  to  make  use  of  fitting  instruments  b  one  thing,  to  make  them  fit  for 
use  another.  To  perfect  that  fitness  and  extend  it  to  the  instruments  of  all 
observatories,  to  maintain  a  standard  of  excellence  whereby  comparison  of 
results  shall  be  most  productive  of  truth,  are  the  special  functions  of  our 
kindred  establishment  at  Kew.  There,  as  in  the  mathematical  and  engine 
liouses  of  the  *  New  Atlantis,*  we  seek  to  render  our  instruments  unrivalled 
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*fer  eqiiaKiy»  fineneBs,  and  subtilty"  of  operation.  No  expense,  time,  or 
pthu  bave  been  spared  by  this  Association  to  bring  the  exquisitely  eon- 
itnicted  and  ingeniously  adljusted  mechanisms  required  to  give  us  cognizance 
of  the  operations  of  the  mysterious  influences  pervading  our  earth  and  atmo* 
sphere  to  tbeir  utmost  attainable  exactitude  of  performance* 

To  prepare,  to  adjust,  to  test,  verify,  and  rectify  those  instruments  for  the 
•se  of  voyagers  and  travellers  are  labours  that  have  grown  out  of  the  im- 
portant function  of  the  *  Kew  Observatory/ 

These  labours  have  been  cheerfully  performed  whenever  and  by  whom* 
soever  required ;  as,  recently,  at  the  request  of  the  Admiralty  and  Royal 
Society  in  aid  of  the  Commission  for  determining  the  Or^on  Boundary,  and 
in  the  Second  Expedition  of  Livingstone  to  the  Zambesi.  Not  only  have 
philosophical  instruments  been  prepared  and  constants  determined,  but  the 
voyagers  have  received,  at  Kew,  practical  instructions  in  their  use. 

The  reputation  of  the  accuracy  of  the  instruments  at  our  establbhment  is 
DOW  snch  that  requests  are  received  from  difierent  Foreign  States  for  a  like 
application  of  the  resources  which  it  commands.  The  United  States,  Russia, 
Austria,  Portugal,  the  Pkipal  States  for  the '  Collegio  Romano,'— all  hare 
testified,  by  such  applications  for  the  preparation  and  acyustment  of  philo* 
sophical  instruments,  that  the  establishment,  originated  and  oiganized  by  the 
British  Association,  fulfils  a  national  scientific  want.  Our  *  Report '  this 
year  will  show  that  the  Admiralty,  the  Board  of  Trade,  and  other  Home- 
institotions  give  the  same  testimony. 

With  the  growth  of  its  reputation  and  experience  of  its  utility,  the  labours 
carried  on  at  Kew  have  necessarily  multiplied  ;  and  the  expense  of  the  esta- 
blishment cannot  be  this  year  less  than  £800. 

Were  the  duties  of -the  Kew  Observatory  superadded  to  those  performed 
at  Greenwich,  such  expense  would  fail,  in  the  ordinary  course,  upon  the  State. 
Hitherto  it  has  been  borne  by  the  British  Association,  and  to  that  extent 
cripples  our  power  of  lending  the  helping  hand  to  other  scientific  work. 

We  have  to  thank  the  Government  for  the  use  of  the  building  at  Kew. 

Such  pecuniary  aid  as  has  been  added  to  the  sums  allotted  from  our  sub- 
scriptions has  been  received  from  a  kindred  self-supporting  Scientific  Asso- 
ciation. The  Royal  Society  liberally  voted  the  amount  required  for  the 
purchase  of  the  "Whitworth's  Lathe  and  Planing  Machine,"  now  doing 
eflBdent  work  at  the  Observatory. 

In  the  late  location,  by  liberal  permission  of  the  Government,  of  the  Royal, 
Linnsean,  and  Chemical  Societies  in  contiguous  apartments  at  Burlington 
House,  we  hail  the  commencement  of  that  organization,  recommended  by 
the  British  Association  at  their  fin»t  meeting,  from  which  the  most  important 
results  of  combination  of  present  scattered  powers,  and  of  a  system  of  intellec- 
tual cooperation,  may  be  confidently  expected.  '*  The  combined  advantages, 
including  at  once  the  most  powerful  stimulus  and  the  most  efiUcient  guidance 
of  sdenUfic  research,"  have  appeared  to  an  eminent  member  of  our  Body 
**  to  be  beyond  calculation.** 
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1^0  locality  iq  the  Metrapolis  unites  so  many  elements  of  oonvenience  for 
8Voh  a  coQcentrattoa  a^  Burlington  House.  If,  to  the  application  of  other 
Siuentific  Sooietiee  than  the  three  now  there  located,  the  reply  should  be 
given  ^^  that  the  State  is  not  called  upon  to  provide  room  for  individuab  who 
may  choose  to  combine  for  the  ei^joyment  of  a  special  intellectual  pursuit," 
we  may  rejoin  that  such  Associations  seek  no  selfish  profit,  but  impart  the 
r^ults  of  their  combined  labour  freely  for  the  public  weal.  We  might 
urge  that  the  small  amount  of  support  needed  for  the  enterprises  and 
establishment  of  Science, — scarce  equal  to  the  product  of  the  tax  upon 
discorery  and  invention  paid  under  the  existing  *  Patent  Laws  * — would  be  a 
good  investment  on  the  part  of  a  Nation ;  and  that,  viewing  sucb  estaUiah- 
mepts  and  the  prosecution  of  abstract  physical  truth  in  regard  only  to  their 
mittenal  results,  these  might  assure  a  Minister  disposed  to  invest  in  what 
might  seem  to  him  the  Lottery  of  Science,  that  the  prizes  are  neither  few 
nor  aim^r-nay,  some  are  incalculably  great 

It  now  only  remains  for  me  to  express  how  deeply  I  feel  the  honour  ooih 
ferred  on  me  by  the  position  in  which,  through  your  kindness,  I  am  now 
placed ;  how  highly  I  esteem  the  opportunity  afforded  me  of  addressing  ao 
distinguished  and  influential  an  audience  in  this  most  noble  Hall ;  and  how 
sincerely  I  thank  you  for  the  patience  and  favour  with  which  you  have 
^pec^ived  this  Address. 
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The  present,  Foarth,  and  probably  last  Report  on  Earthquakes  that  I  shall 
have  the  honoar  of  presenting  to  the  British  Association,  has  for  its  objects 
the  discnssiotl  of  the  great  catalogue  of  earthquakes  printed  in  several  prece- 
ding volumes  of  its  ^  Transactions,'  the  last  portion  of  which  only  appeared  in 
type  in  1855^  and  the  completion,  as  faK'as  possible,  of  the  complement  of  the 
other  desiderata  mentioned  at  the  conclusion  of  the  First  Report  (1850)« 
The  pressure  of  other  occupations,  with  some  uncontrollable  circum^tancesi 
have  delayed  for  nearly  three  years  its  appearance:  the  delay,  however, 
has  not  been  without  advantage ;  it  has  enabled  me  more  fully  to  grasp 
additional  conditions  and  difficulties,  before  unnoticed,  of  some  branches  of 
the  subject,  and  to  derive  advantage  from  the  contemporaneous  labours  of 
the  few  physicists  who  are  engaged  in  Seismology ;  foremost  amongst  whom 
stands  M.  Perrey  of  Dijon. 

The  reader  will  with  advantage  refer  to  the  conclusions  of  the  Second 
Report  (1851),  as  to  the  construction  of  the  catalogue  which  constitutes 
the  Third  (1854),  before  perusing  the  present ;  as  well  as  to  the  concluding 
note  of  that  Report,  in  which  it  is  stated  that  the  catalogue  commencing  at 
1606  B.C.,  and  originally  proposed  to  be  extended  in  its  tabular  form  to  the 
end  of  1850  a.d.,  was  concluded  at  the  end  of  the  year  1842,  from  which 
period  up  to  1850,  and  indeed  later  still,  the  catalogues  of  Prof.  Perrey 
supply  all  that  is  needful,  though  it  is  to  be  regretted  that  they  are  not 
tabulated  for  more  convenient  reference.  But  although  the  British  Asso- 
ciation CcUalogue  concludes  with  1842,  the  discussion  of  facts  has  been 
extended  to  the  end  of  1850,  the  base  of  induction  for  the  last  eight  years 
being  supported  by  the  labours  of  Perrey. 

The  whole  base  of  induction  therefore  for  such  conclusions  as  are  here 
to  be  attempted, — embracing  between  6000  and  7000  separate  recorded  earth- 
quakes over  every  known  part  of  the  globe,  both  on  land  and  ocean, — the 
character  of  the  facts  given, — their  scantiness  as  to  information  of  scientific 
value, — ^the  methods,  or  rather  the  want  of  all  method,  in  their  observation, 
and  other  causes,  mentioned  in  the  Second  Report, — I  think  justify  me  in 
stating  my  conviction,  that  nearly  all  that  can  be  drawn  from  the  collection 
and  discussion  of  such  records  has  now  been  done,  and  that  the  labour  of 
collecting  and  calculating  further  and  future  Seismologues  will  be  in  a  great 
degree  thrown  away,  unless  the  cultivators  of  science  of  all  countries, — in 
conjunction  with  the  scientific  bodies  and  the  scientific  departments  of  the 
diief  civilized  governments  of  the  world, — shall  unite  in  agreeing  to  some 
one  uniform  system  of  seismic  observation,  and  record  and  transmit  the  results 
1858.  B 
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periodically  to  a  central  bureau  for  discussion.  What  has  been  done  for 
astronomy  and  for  terrestrial  magnetism,  is  beginning  to  be  done  for  meteor- 
ology, and  through  the  suggestive  labours  of  Maury,  Bache,  and  others, 
for  maritime  discovery,  ought  to  be  done  now  for  seismology,  whose  chief 
requirements  could  be  readily  added  to  those  already  supposed  to  be  system- 
atized from  Lieut.  Maury's  proposals,  as  well  as  to  those  long  in  course  in 
the  astronomical,  magnetic,  and  meteorological  observatories  of  the  world. 
The  spread  of  the  net  of  telegraphic  wires  rapidly  over  the  whole  earth  offers 
facilities  for  the  observation  of  earthquake  phenomena,  in  which  time  always 
enters  as  so  important  an  element,  never  before  possessed.  We  shall  revert 
to  this  in  treating  of  seismometry. 

Before  proceeding  to  the  discussion  of  the  British  Association  Catalogue, 
I  propose  giving  some  account,  in  a  connected  form,  of  the  discussions  by 
Professor  Perrey,  of  his  own  local  or  partial  catalogues,  and  of  the  conclusions 
he  has  thence  drawn ;  as  well  as  referring  to  some  minor  catalogues,  more 
or  less  completely  discussed  by  their  authors :  amongst  the  latter,  Mr.  Milne's 
valuable  contributions  escaped  my  notice  when  preparing  my  first  report. 
Perrey's  labours  in  generalizing  (as  far,  perhaps,  as  can  from  the  data  h% 
safely  done)  the  facts  of  several  great  seismic  kingdoms,  and  announcing 
their  results,  form  a  valuable  prelude  to  the  still  larger  base  of  generalization 
finally  here  discussed,  and  extending  to  the  whole  known  globe.  The  di§^ 
eussed  catalogue  memoirs  of  Perrey,  to  which  I  have  had  access,  apply  to 
the  following  localities : — 

In  the  European  Hemisphere — 

The  Scandinavian  Peninsula  and  Iceland. 

The  British  Islands. 

The  Spanish  Peninsula. 

France,  Belgium,  and  Holland. 

The  Basin  of  the  Rhone. 

The  Basin  of  the  Rhine. 

The  Basin  of  the  Danube. 

The  Italian  Peninsula. 

Algeria  and  Northern  Africa. 

The  Turco-Hellenic  Peninsula,  with  Syria. 

And  in  the  American  Hemisphere-— 
The  Basin  of  the  Atlantic. 
Canada  and  the  United  States. 
Mexico  and  Central  America. 
The  Antilles. 
Chili  and  La  Plata. 
Cuba,  by  M.  Poey. 

In  addition  to  which,  Perrey  has  combined  and  discussed  together*- 
Europe,  with  the  adjacent  regions  of  Africa  and  of  Asia. 
The  North  of  Europe  and  of  Asia — 
viewing  the  three  continents  in  the  light  of  two  parallel  Austral  and  Boreal 
zones. 

The  general  method  adopted  by  Perrey  has  been,  after  an  introductory 
physico-geographical  sketch  of  the  region,  and  the  catalogue  itself  of  earth- 
quakes, to  discuss  them  numerically  and  graphically. 


Digitized  by  CjOOQ IC 


r  Seasons,  months^ 
[days. 


ON  THB  FACTS  AND  THEIimT  OF  BARTHQUAKB  PHENOMENA. 


OocMUmtlly  abo  with  tefereDoa  to  lunatioiuk 

r  With  reference  to  direction, 
Id  space  j     ue.  horizontal  direction,  of 
[    Bhock* 


^With  reference  to  sup- 
posed derivative  or 
mean  horizontal  direc- 
tion of  shook. 


And  lastly,  as  to  relative  intensity,  or  dynamic  value  of  the  shock  in  each 
direction,  which  he  arrives  at  on  the  assumption  that  this,  in  an^  given 
rhumb,  is  proportional  to  the  number  of  shocks  observed  in  its  direction  in  a 
given  period,  a  supposition  whioh^-mlthough  perhaps  not  without  some  value, 
as  admitting  of  one  mode  of  regarding  the  relations  of  distant  seismic  regions 
not  otherwise  possible — ^admits  of  the  gravest  doubt  whether  it  have  any 
real  natural  basis. 

We  shall  consider  the  results  in  the  order  above.  Near  as  Norway  and 
Sweden  are  topographically,  to  the  British  Islands,  it  is  not  with  these,  but 
with  Iceland  and  the  intervening  band  of  the  Northern  Ocean  that  the 
Scandinavian  peninsula  i^  ip.  coonexioa  as  a  seismio  region  ;  very  few  ex- 
amples occur  of  simultaQ^QUS  actioa  between  the  former;  but  seldom  has 
there  been  any  marked  convulsion  in  Iceland  without  commotion. in  Nor* 
way,  &c.,  and  vice  versd.  Scandinavia  itself,  one  of  the  most  remarkable 
masses  of  land  in  slow  process  of  elevatioki  in  the  world,  also  shows  its  con- 
nexion with  interpdl  action ;  and  were  it  not  that  Iceland  is  pierced  with 
numberless  vents,  brol^en .  and  shattered  in  every  direction  by  volcanic 
action,  that  admits  of  po  ce)9sation  or  consolidation  above,  there  can  be  no 
doubt  that  the  destructive  power  of  earthquakes  would  be  manifested  in  the 
northern  peninsula  to  a  far  more  serious  extent  and  intensitv. 

That  Greenland,  at  least  the  east  coast,  and  the  Faroe  Islands  are  shaken 
frequently,  is  highly  probable,  though  I  am  not  aware  of  any  such  recprd. 

The  following  is  the  result  of  Perrey's  chronology  of  this  region : — 


Table  I.-* 

•-Earthquakes 

of  Scandinavian  Peninsula  and  Iceland. 

Century 

A.D. 

^ih  datM  of  month  or  day. 

OfSeaaon. 

Of 
Year 

Total, 

•-» 

1 

1 

1 

< 

ST 

6 

1 

-8 

1 

»2 

1 

Q 

1 

1 

1 

XII.  to  xvri. 

XVIIL 

3 
13 
17 

Z 

7 

XI 

1 

9 
11 

1 

7 

13 

2 
7 
7 

"a 

6 

••• 
9 

8 

"*5 

8 

"s 

10 

10 

**8 
11 

6 

"i 

3 

1 

19 
13 

28 
111 
113 

XIX 

Totals  

33 

20 

21 

16 

10 

17 

13 

18 

17 

19 

17 

2 

4 

32 

252 

Winter 
74 

Spring 
39 

Sommer 
48 

Autumn 
53 

On  examining  this  Table,  Perrey  remarks  the  same  preponderance  of 
earthquakes  in  the  winter  half  of  the  year,  that  is  evident  from  many  of  bis 
other  calculations  for  various  regions.  Here,  for  the  si^  months  of  winter^ 
there  are  129  shocks,  and  but  91  for  the  summer  half  year. 

Perrey  is  also  of  opinion,  from  the  general  result  of  his  researches,  that 
there  is  a  preponderance  of  shocks  at  the  equinoxes  and  summer  solstice, 
which  he  denominates  the  <' Critical  Epochs"  of  the  yeATt  It  is  so  fpr 
Scandinavia. 

Digitized  by  VjOOQ IC 


4  RBPOBT— 1858. 

The  total  Dumber  of  earthquakes  given  with  dates  is  25%  representing  by 
twelve  the  mean  annual  number.  He  tabulates  the  proportional  number  for 
each  month  thus : — 


Table  II.— Scandinavia.    Relative  frequency  throughout  the  year. 


1-85 


112 


1-18 


t 


0-75 


0-90  0-56 


0-95 


0-75 


I 


1-01 


I 


0-95 


I 


i 


1-06.  0-95 


III 


^2 


Winter 1-88 

Spring 0-73 

Summer 0*90 

Autumn 0^ 

And  at  the  two  months  of  each  sobtice  and  equinox — 

March  and  April 0*94 

June  and  July 0*74* 

September  and  October 0*95 

December  and  January   1  *S6 

As  to  general  direction  of  the  observed  or  horizontal  dement  of  shook — it 
has  in  most  instances  traversed  a  line,  with  more  or  less  divergence,  stretch- 
ing away  from  Iceland ;  and  there  can  be  little  doubt  that  this  is  the  real 
line  of  propagation  of  the  original  pulses. 

Perrey,  however,  conceives  that  a  mean  or  chief  resultant  direction  of  shock 
for  each  given  seismic  region  may  be  calculated  in  the  following  way.  Taking 
the  mean  frequency  of  shock  =1,  he  finds  for  the  eight  principal  rhumlM 
proportional  numbers,  as  for  example  in  the  present  case : — 

Table  III. 

Rhumb,  or  direction  ReUtire  frequency  in 

of  shock.  direction. 

N.    to  S 0-73 

N.E.  „  S.W 1-09 

E.     „W 0-73 

S.E.  „  N.W 1-09 

S.      „  N 1-09 

S.W.„  N.E 1-45 

W.    „E 109 

N.W.„  S.E 0-73 

Then,  considering  the  cause  of  movement  in  any  given  direction  to  be  pro- 
portional in  intensity  to  the  number  of  times  that  it  has  acted  in  each  ob« 
served  direction,  viz.  as  proportional  to  the  preceding  numbers,  he  treats 
these  as  the  forces  themselves  given  in  magnitude  and  in  direction,  and 
compounds  them  for  a  single  resultant  according  to  Lambert's  formula. 

This  process  gives  for  Scandinavia  a  genertd  resultant  direction  of  pro- 
pagation of  S.  '22°  30'  W.,  and  with  an  intensity  or  force  represented  by 

If  we  study  this  presumed  direction  with  the  Mercator  chart  before  us, 
we  find  that  the  line  is  not  very  wide  of  that  forming  the  general  length  of 
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the  great  Scandinavian  chain,  and  is  in  fact  nearly  a  nonnal  to  the  actually 
obienred  directions  of  shock. 

It  is  a  fact  observed  in  many  other  seismic  mountain  chains,  as  well  as 
along  the  lines  of  great  valleys  and  river-courses,  that  the  main  directions 
of  propagation  of  shock  are  along  the  lengths  of  the  chains,  valleys  or  river- 
courses ;  and  a  very  obvious  explanation  why  this  should  frequently  be  the 
ease  suggests  itself,  namely,  that  the  solid  materials  of  the  earth  are  less 
shattered  and  discontinuous,  and  more  homogeneous  in  these  directions 
than  in  those  transverse  to  the  ranges  and  valleys,  &c. ;  but  how  far  this  is  in 
any  way  connected  in  nature  with  Perrey's  conclusion  admits  still  of  doubt ; 
and  indeed  it  is  manifest  that  any  attempt  to  calculate  a  general  or  mean 
resultant,  from  the  horizontal  component  of  shock  oft/y,  must  be  at  least 
incomplete,  and,  from  other  reasons  that  will  be  given  when  treating  of 
seismometric  instruments,  may  be  said  to  be  at  present  impossible.  I  should 
by  no  means  wish,  however,  altogether  to  reject  this  ingenious  method  of 
discntnon  in  tbe  present  state  of  our  knowledge. 

Perrey's  results  are  subjoined  for — 


Table  IV.^ — Earthquakes  of  the  British  Islands  and  Northern  Isles. 


Earthquakes  with  date  of  month 

It 

TotaL 

flS 

^ 

. 

, 

5 

§ 

^ 

1 

1 

Q 

s 

5 

£ 

S 

a, 

►» 

s 

1 

i 

< 

1. 
3i 

O 

1 

1 

u 

XI.  ... 

... 

... 

2 

2 

1 

••• 

•«■ 

1 

... 

1 

... 

1 

8 

XII.... 

i 

..• 

1 

It* 

... 

••• 

1 

2 

... 

... 

2 

4 

11 

XIII... 

2 

1 

•1. 

1 

1 

.*. 

... 

I 

... 

... 

2 

6 

15 

XIV. .« 

.•• 

••• 

... 

1 

>•• 

1 

... 

... 

... 

1 

•  •• 

1 

4 

XV.  ... 

... 

•«• 

••• 

... 

•.. 

... 

... 

1 

... 

•«« 

... 

••• 

1 

XVL. 

1 

2 

1 

2 

••• 

•*• 

1 

... 

... 

... 

1 

... 

8 

xvu.. 

3 

••• 

••• 

... 

1 

... 

... 

2 

3 

1 

2 

2 

14 

XVIIL 

5 

4 

7 

5 

3 

2 

3 

5 

6 

6 

8 

8 

1 

63 

XIX... 

9 

9 

10 

7 

8 

6 

5 

11 

12 

8 

11 

12 

2 

110 

Totals. 

21 

16 

19 

16 

16 

10 

9 

19 

24 

17 

22 

28 

17 

234 

White 

r 

Spring 

Summer 

A 

ntumn 

56 

42 

52 

67 

The  number  occurring  in  §pring  and  summer  together  is  but  three-fourths 
that  of  autumn  and  winter  united,  the  relative  number  for  the  four  seasons 
being-—' 

Winter I'OS 

Spring ••• ••.».  (yjS 

Summer    ..•••••.. 0*96 

Autumn    1*^ 

And  the  two  months  of  the  critical  epochs-* 

Winter  sobtice 1*28 

Spring  equinox 0*96 

Summer  solstice   0*53 

Autumnal  equinox    1*13 
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The  rslstiye  numbers  as  to  horizontal  direotion  i--' 

5.  toN 048 

K       „W 1-70 

S*E.    „  N.W ....078 

6.  „  N 0-73 

8.W.  „  N.E 1-46 

W.      „  E Vi6 

from  whioh^  by  the  preceding  method,  Perrey  oomputes  a  mean  horiiodtal 
direction  of 

S.  89^5' W.  to  N.  39^5' E., 

which  is  about  the  line  of  direction  of  Looh  Ness  and  of  the  Caledoniaa 
Canal. 

This  is  certainly,  however,  not  the  general  or  mean  horisontal  direction 
of  British  earthquakes,  which  appears  to  be  one  from  south  to  north,  veering 
more  or  less  to  the  east  or  west,  but  having  on  the  whole  a  direction  passing 
through  the  probable  focus  of  the  Lisbon  earthquakes  and  of  the  Canary 
Islands.  I  am  not  aware  that  any  attempt  has  been  made  to  ascertain 
the  angle  of  emergence  of  the  wave  of  shock  for  any  British  station,  except 
indirectly  by  myself,  in  my  "  Memoir  on  the  British  Earthquake  of  November 
1852"  (Trans.  Roy.  Irish  Acad.  vol.  xxii.  part  1)  at  Dublin,  which  was  from 
25^  to  30^  inclined  to  the  horizon ;  and  assuming  the  origin  to  have  been 
even  somewhere  between  Great  Britain  and  Lisbon,  the  depth  of  focus  must 
have  been  very  sreat ;  that  earthquake  extended  over  the  greater  portion 
of  the  British  islands,  the  maximum  dbturbance  on  the  surface  being  about 
Shropshire* 

Mn  David  Milne,  in  one  of  a  series  of  very  able  papers  on  British  earth- 
quakes  in  the  <  Edinburgh  Philosophical  Journal,*  vols.  xxxi«-xxxvi.,  which 
I  regret  not  having  noticed  in  mv  Second  Report  as  prominently  as  they 
deserve,  expresses  his  conviction  (as  it  appears  to  me,  however,  from  very 
insufficient  grounds)  that  all  British  earthquakes  have  had  an  origin  of 
dbturbance  immediately  beneath  Great  Britain,  and  not  at  some  distant 
point  beyond,  his  chief  reasons  being,  1,  that  with  few  exceptions  they 
affected  only  certain  portions  of  the  island;  %  that  there  was  id  all  the 
districts  affected  some  spot  where  the  concussion  and  attendant  noise  were 
greater  than  uny where  else,  and  that  they  diminished  with  their  distance 
from  this  spot )  8,  that  the  shook  and  the  noise  moved  simultaneously  from 
this  spot. 

A  reference  (o  the  Catalogue  will  show  that  theu  are  by  no  means  the 
general  prevailing  facts  \  and  If  they  had  been  so,  they  do  not  prove  tho 
point,  for  reasons  to  be  gathered  from  the  Second  Report.  In  the  absence 
of  any  knowledge  of  the  angle  of  emergence,  it  is  a  very  incomplete  state- 
ment of  fact  when  Milne  says,  that  '*  out  of  1 10  shocks  recorded  in  England, 
31  originated  in  Wales,  31  along  the  south  coast  of  England,  14  on  the 
borders  of  Yorkshire  and  Derbyshire,  and  5  or  6  in  Cumberland."  "  These 
facts,"  he  adds,  <<  seem  to  show  that  the  seat  of  action  cannot  be  very  far 
down  in  the  earth's  interior."  Locally  variable  surface-disturbance,  and  eve& 
none  at  certain  localities,  within  large  areas  exposed  to  seismic  action,  are 
amongst  the  most  common  phenomena  of  observed  earthquakes  even  of  the 
greatest  extent  and  intensity,  and  arise,  amongst  other  reasons,  from  the 
heterogeneous  and  dislocated  niaterials  of  the  earth  s  crust  perturbing  the 
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dasUe  wave.  A  oonsldarable  number  of  shocks^  recorded  in  Scotland,  have 
been  stated  to  have  had  a  horizontal  direction  more  or  less  from  west  to  east; 
and  this  is  by  no  means  incompatible  with  the  general  prevalent  direction  from 
sonth  to  north  already  mentioned  ;  nor  has  it  been  unnoticed  elsewhere^  that 
bng  ranges  of  hills  of  hard  elastic  rocks,  with  deep  intervening  valleys,  change 
the  general  horizontal  course  of  the  wave  of  shock  reaching  their  flanks  into 
one  mainly  felt  along  the  line  of  the  chain.  The  little  shocks  for  long 
periods  almost  continuously  felt  in  and  about  Comrie  in  Scotland,  have  all 
had  a  general  direction  from  west  to  east ;  but  these,  like  the  similar  phe- 
nomena long  carefully  observed  by  Prof.  Merian  at  Basle  in  Switzerland, 
those  at  East  Haddam  in  Massachusetts  and  eliewhere,  I  omit  from  consi- 
deration here,  as  very  doubtfnlly  belonging  to  the  class  of  earthquakes 
proper  at  all,  and  perhaps  no  more  than  tremors,  more  or  less  forcible 
at  the  surface^  due  to  the  fracturing  of  rocky  masses  below,  by  the  gradual 
processes  of  elevation  or  depression  of  the  land*  Excluding  thesci  our 
records,  so  far  as  they  go,  point  to  the  south*to-north  general  direction 
as  given. 

Milne  has  discussed,  with  reference  to  period  of  the  year,  the  circumstances 
of  139  Scottish  and  116  English  earthquakes ;  and  the  result  squares  pretty 
closely  with  Perrey's« 

Hm  following  b  Milne*B  Table ; — 

Tabls  V. 

SooUand*           Eogland*  TotaL 

Jsausry «..«..    14    11' 


Febmiry  14    13 

March  «..  12    10 

April 9 10 

May 8    4 

#11116  ••«.••••••«•«••  4  *•••••<*•••«  9 

July M...  6 6' 

Aagnst «...  IS 9 

S^ptembar  12    15^ 

October    14    11' 

Nofember 20    12 

DaesBbar. lb    7 

139  116 


*  74.  Winter  months. 

'44.  Spring  months. 

58.  Siunmer  months. 

79.  Autumn  months. 


He  notices  abo  the  fact,  which  we  shall  find  has  not  escaped  Perrey  ('  Me- 
moir on  France')i  that  the  period  of  the  year  at  trhich  seismic  action  appears 
to  be  greatest,  is  that  when  both  the  actual  height  of  the  barometric  (solumn 
is  the  minimum,  and  the  range  of  its  oscillations  the  greatest  in  the  year ; 
and  he  has  put  with  clearness  the  enormous  total  effect  in  the  increase  or 
diminution  of  pressure  over  large  areas>  doe  to  such  changes  in  atmospheric 
pressure,  as  a  possible  (he  deems  a  certainly)  connected  cause  in  the  produc- 
tion of  earthquakes. 

Proceeding  now  to  the  Spanish  Peninsula,  oomprehending  all  west  of  the 
Pyrenees  and  the  ocean  washing  the  shores  of  Portugal,  the  following  are 
Perrey's  results : — 


Digitized  by  VjOOQ IC 


a 


REPORT — 1858. 
Table  VI.— Earthquakes  of  the  Spanish  Peninsula. 


Earthquakes  with  date  of  day  or  month. 

'S   . 

1 

1 

• 

i 

i, 

5? 

i 

# 

i 

1 

1 

1 

1 

1^ 

Total. 

& 

S 

< 

S 

»? 

^ 

< 

CO 

^ 

^ 

^ 

XI.  ... 

... 

... 

... 

... 

... 

3 

3 

XII. ... 

1 

1 

... 

1 

... 

... 

... 

1 

4 

XIII.... 

... 

••• 

... 

... 

••. 

1 

2 

3 

XIV.... 

1 

3 

... 

1 

... 

••. 

3 

8 

XV.  ... 

..« 

... 

1 

... 

... 

... 

3 

4 

XVI.... 

2 

... 

1 

... 

3 

... 

1 

... 

3 

10 

XVII... 

.•• 

•  •• 

2 

... 

2 

i 

2 

1 

1 

1 

10 

XVIII. 

11 

8 

7 

8 

4 

6 

5 

9 

2 

9 

13 

8 

3 

93 

XIX.... 

10 

5 

6 

7 

4 

6 

10 

5 

9 

11 

7 

5 

... 

85 

TotaL 

25 

14 

16 

18 

9  1  14 

18 

16 

12 

23 

22 

14 

19 

220 

Winter 

Spring 

Summer 

Autumn 

55 

41 

46 

59 

Taking  the  mean  monthly  frequency  =1,  the  relative  monthly  frequency, 
and  that  according  to  season,  are  as  follows : — 


& 

:§ 

t 

< 

1 

i 

a 
•-> 

1 

1 

0-95 

1 

0-71 

1 
1-37 

1 

1-31 

0*84 

1-49 

0-84 

0-95 

1-07 

0-54 

0-84 

107 

Winter 
1-09 

Spring 
0-82 

Summer 
0-91 

Aatumn 
117 

or  in  autumn  and  winter  together,  114  earthquakes  against  87  in  the  spring 

and  summer. 

As  respects  observed  horizontal  directions,  the  ratios  were — 

N.      to  S 0-S8 

N.E.  „  S.W 0-76 

E.      „  W.      2-67 

S.E.  „  N.W 0-76 

S.      „  N 1-91 

S.W.„  N.E 0-38 

V^.     „  E 0-76 

N.W,„  S.E 0-38 

which,  by  the  method  of  calculation  already  given  as  adopted  by  Perrey, 

gives  for  the  mean  horizontal  direction — 

E.  31°  5&  S.  to  W.  31°  5&  N. 

This  deduction  appears  to  agree  tolerably  well  with  the  actually  recorded 
directions  of  shocks  in  Portugal  and  Spain,  whose  focus  seems  to  be  beneath 
the  sea,  between  Lisbon  and  the  Azores,  all  of  which,  as  well  perhaps  as  the 
Canaries,  are  connected  as  one  seismic  region.  Perrey  states,  that  in  the 
Pyrenean  chain,  taken  separakly^  not  only  is  the  preponderance  of  seismic 
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action  in  the  winter  reversed,  so  that  shocks  are  more  frequent  in  summer 
than  in  winter,  and  those  in  summer  and  spring  together  are  to  those  in 
autumn  and  winter  as  2  to  S,  but  the  observed  horizontal  direction  is  dif- 
ferent, being  most  usual  in  the  main  line  of  the  chain. 

If  this  be  so,  it  would  either  be  explicable  as  a  case  of  deflected  wave,  like 
that  already  mentioned  with  regard  to  the  general  north  and  south  line  in 
Great  Britain,  becoming  a  south-west  and  north-east  one  in  Scotland,  the  angle 
of  deflection  in  the  present  instance  being  small ;  or  it  would  indicate  that 
some  of  the  shocks  of  the  Pyrenees  have  connexion  with  the  Mediterranean 
seismic  region. 

Spain,  includuig  Portugal,  in  its  external  configuration,  with  its  vast 
table-land  of  the  two  Castiles,  rising  nearly  2000  feet  above  the  sea,  is 
perhaps  the  most  interesting  portion  of  Europe,  not  only  in  this  respect, 
but  as  a  region  of  earthquake  disturbance,  where  the  energy  and  destroying 
power  of  this  agency  have  been  more  than  once  displayed  upon  the  most 
tremendous  scale. 

It  may  be  worth  while  to  place  here  the  tables  of  the  progression  of  the 
shocks  of  the  t^o  great  Lisbon  earthquakes  of  1755  and  1761,  as  collected 
by  Milne  (Edinburgh  Phil.  Journ.  vol.  xxxi.)  from  various  sources, 
although  the  chief  result  has  been  already  discussed  in  the  Second  Report 
The  time  given  in  the  Tables  is  reduced  to  Lisbon  time ;  the  distances  in 
d^prees  of  seventy  miles  English  each. 


Progressive  rate  of  the  shock,  Lisbon  earthquake  of  1st  November,  1755* 


Localities. 

Moment 
observed 
of  shock. 

Distance 

from 

presumed 

origin. 

Time  from 

impulse  to 

arrival. 

Observations. 

Presumed   focus,    lat   30°, 
long,  ir  W 

h     m 
9    23 

9    24 

9    30 

9    32 

9    38 

9    50 

9    48 

9    46 

9    43 

9    55 

10      1 

10      3 

10    23 

10    27 

10    42 

10    30 

9    58 

10      6 

10  42 

11  43 

O           ' 

0  30 

1  30 

1  30 

2  30 

4  0 

5  0 

5  30 

6  0 
6      0 
8    30 

12  30 

13  0 
13    30 
15      0 
15    30 
17      0 

17  0 

18  0 
20      0 

m      8 
••* 

I      0 
7      0 
9      0 
15      0 
27      0 
25      0 
23      0 
20      0 
32      0 
38      0 
40      0 
60      0 
64      0 
79      0 
67      0 
35      0 
43      0 
79      0 
140      0 

At  sea, 

PortugaU 

Spain. 

Madeira; 

[certain.) 
Derbyshire  (not 
Uncertain. 

Uncertain. 

A  ship  at  sea,  in  lat.  38°, 
long.  10°47'W 

Cokffei    

Lisbon 

Oporto 

Ayamonte    ........ T..tt.... ..tt- 

Cadiz   

Tanner  and  Tetnan    

Madrid 

Gibraltar 

Panchal   .t«......t....t...trtTt. 

Portsmouth... ..•• 

Hmvre 

Rftdinflr  ,.. 

Yarmooth 

Byam  Edge 

Durham  .........---..r*. *••*... 

Amfftfrdam  •• ••••t........ 

Loch  Ness  

HAmhmnrh  

Much  uncertainty  attends  many  of  the  statements  as  to  time ;  and  at 
several  localities  there  is  evidence  that  the  shocks  arrived  much  more 
rapidly  than  at  others,  in  relation  to  distance.  Thus  at  Cork  two  shocks 
were  felt  at  9^  33". 

The  longitudes  are  from  the  meridian  of  Greenwich. 
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ProgreMive  rate  of  the  shock,  Lisbon  earthquake  of  Sltt  Mareh,  1701* 


Locdity. 


MomeDt 
observed 
of  shock. 


Distance 

from 
presumed 

origiii. 


Time  from 

impulse  to 

arrival* 


Obaenratioiis. 


Presumed  focus,  lat  43°, 
long.  11*^  W 

Ship  at  sea,  in  lat.  43%  not 
many  leagues  from  coast  of 
Portugal 

Ship  in  lat  44*^,  and  about  80 
leagues  off  coast 

Corunna 

Ship  Ut.  44''  8',  and  80 
leaffues  W.N.W.  of  Cape 
Finisterre    

Lisbon 

Madeira  

Cork    


h      m 
11    51 


11    52 

11    54 
11    51 


At  I 


0  30 

1  45 
8    30 


Loch  Ness,  between 


Amsterdam,  between . 


3 
4 

10 


30 

30 

0 


9    30 
11      0 


15    15 


7 

9 

15 

20 


r20    01 

and 

49      0 

r84      0' 

and 

L114    oj 

Uncertain. 
Uaoertaiii. 


The  great  sea- wave  of  the  shock  of  1755  appears,  from  the  recorded 
periods  of  arrival,  to  have  travelled  from  its  point  of  origin  to  the  following 
places  at  the  rates  given  in  miles  English  per  minute,  according  to  Milne ; 
assuming  the  transit  rate  uniform  for  the  whole  range  of  translation,  which, 
however,  is  not  possible : — 

Plymouth • 2*1  miles  per  minute. 

Kinsale » 2-7  9, 

Mount's  Bay    2*7  „ 

Cadiz    S^  n 

Funchal    8*7  „ 

Ayamento    5*0  „ 

Lisbon 5'5  „ 

Antigua    6*0  „ 

Barbadoes    7*3  „ 

and  that  of  the  shock  of  1761,  as  follows  :— 

Sciliy  Isles  and  Mount's  Bay  • . . .  20  miles  per  minute. 

Dublin 2*1  „ 

Kinsale < 2*7  „ 

Barbadoes    • 7*4  „ 

I  place  these  results  of  Milne's  discussions  of  the  imperfeot  materiab  at 
his  command,  rather  for  convenience  of  reference  to  future  investigators, 
than  as  attaching  much  value  to  them  beyond  rude  and  provisional  ap« 
proximations*. 

*  For  the  same  reasons  I  transcribe  the  f<^owing  notice,  which  has  appeared  while  these 
sheets  have  been  printing : — 

**  Direction  and  velocity  of  the  earthquake  in  California  of  the  8th  and  9th  Xannary  1  A(7. 
By  Dr.  John  B.  Trask."    SiUiman's  Journal,  Jan.  1858,  vol.  xxv.  p.  146. 

**  The  precise  time  of  out  of  the  shocks  wm  obtaiasd  with  tolsraUe  a#oiinsy  in  five 
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We  proceed  now  to  FVanoe^  Belgium^  and  Holland,  the  limitf  of  which 
Perrey  fixes  somewhat  arbitrarily,  at  bounded  on  the  south  by  the  Medi- 
terranean and  by  Spain,  on  the  west  and  north  by  the  Atlantic  and  Northern 
Oceana,  as  far  as  the  Zuyder  Zee,  on  the  east  bv  the  Rhine  and  Alps,  bot 
comprising  within  it  Geneva,  in  the  basin  of  the  Rhone,  and  Basle,  Manheim, 
Frankfort-on-the-Main,  and  some  other  cities  dose  to  the  right  bank  and  in 
the  basin  of  the  Rhine. 


Table  VII— 

•Earthquakes 

of  France,  Belgium,  and  Holland. 

Century. 

Barthquakcs  with  date  of  Day  or  Month. 

With  date  of 
Season  only. 

U 

h 

TotaL 

. 

J 

i 

i 

Is 

M 

1 

1 

i 

1 

1 

1 

i 

1 

1 

I 

0 

nr 

^^ 

... 

.*• 

..J  ... 

... 

... 

... 

. 

... 

... 

V 

•>• 

... 

•  •• 

... 

1 

... 

... 

... 

1 

... 

... 

... 

1 

VI 

••• 

•.» 

•  *• 

••• 

l!    ... 

... 

... 

*•■ 

•*. 

1 

... 

... 

3 

e 

VII 

... 

!•« 

... 

..• 

... 

».. 

••* 

... 

••• 

.•• 

,,. 

... 

••• 

••• 

••• 

VIIL  

... 

.». 

•  ■• 

... 

•  •• 

... 

... 

... 

... 

... 

... 

... 

... 

*•• 

... 

IX. 

4 

2 

1 

%»» 

•  •• 

... 

,,, 

3 

1 

.*• 

4 

3 

... 

21 

X.  

1 
••• 

1 

2 

2 

... 

2 

*.« 

\ 

3 

2 

1 

... 

*•• 

2 

16 

XI 

xu 

3 

••• 

1 

2 

2 

1 

... 

1 

... 

..1 

*•• 

1 

... 

*.. 

12 

xin 

1 

1 

1 

•  .• 

••• 

1 

1 

... 

1 

... 

... 

1 

... 

•  •• 

9 

XIV.  

1 

1 

1 

1 

2 

1 

1 

... 

2 

1 

2 

1 

1 

1 

21 

XV.   

... 

1 

••• 

2 

... 

1 

1 

2 

1 

■  •• 

3 

1 

... 

1 

14 

XVI.  

7 

6 

5 

4 

5 

2 

3 

2 

6 

4 

2 

5 

3 

... 

61 

XVII 

13 

16 

4 

4 

7 

3 

7 

3 

8 

4 

6 

11 

•.. 

... 

91 

XVIII.  ... 

26 

20 

17 

26 

11 

18 

17 

15 

13 

18 

23 

28 

1 

•  *• 

237 

XIX 

'\ 

17 

21 

13 

13 

8 

15 

17 

15 

17 

21 

25 

1 

•  «• 

211 

TotaL... 

83 

64 

53 

55 

42 

36;  47 

40 

50 

48 

60 

78 

9 

2 

35 

702 

Winter 

Spring 

Summer 

Autumn 

200. 

133? 

137. 

186. 

localities  eastward  of  San  Francisco,  the  greatest  error  in  time  of  the  clocks  being  3^  4^, 
and  the  least  (/  22'^  The  time,  being  all  reduced  to  that  of  San  Frandsco,  ghres  the  fol- 
lowing results : — 


Locality. 

Lai. 

Long. 

lime  of  shock. 

Elapsed 
time. 

Velocity 
permin. 

San  Frandsco    

Sacramento    

Stockton    .......... 

o          1 

37  48 

38  32 
37    52 
35    00 
32    42 

o          / 

122    25 
121    23 
121    34 
118    46 
117    13 

h.    m.     s. 
8    13    30 
8    20    00 
8    23    00 
8    45    00 
8    50    00 

m.    s. 

0    00 

7    30 

9    30 

32    30 

36    30 

miles. 
0-0 
6-6 
65 
6-0 
7-0 

Tenon  ..•••...••.••. 

San. DiflRO  .•••---t'r- 

or,  for  the  average  of  the  tve  obserrations,  6*2  mUes  per  minute,  or  545*6  feet  per  second. 
The  author  says,  this  closely  approximates  to  Prof.  Bache's  results  as  to  the  rate  of  the 
earthquake  at  fimoda  on  23id  December  1854  (Amer.  Ass.  for  Advancement  of  Sdcaioe,  for 
that  year) ;  but  he  appears  here  to  confound  rate  of  sea- wave  with  that  of  ^arth-wave  o^ 


shiM^.' 
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And  for  the  two  months  at  each  critical  period  of  the  year — 

Dec.  and  Jan.,       Winter  Solstice 161 

June  and  July,      Summer  ditto     83 

March  and  April,  Spring  Equinox 108 

Sept.  and  Oct^      Autumnal  ditto 98 

As  respects  horizontal  direction,  the  relative  numbers  are, — 

N.      to  S 1-50 

N.E.  „  S.W 0-43 

E.      „  W 1-88 

S.E.  „  N.W 0-59 

S.      „  N 1-02 

S.W.„  N.E.   0-96 

W.     „  E 0-91 

N.W.„  S.E     0.69 

which,  by  Perrey's  method  of  calculation,  gives  for  the  mean  general  hori* 
zontal  direction,— 

N.  71°  27'  E.  to  S.  Il""  27'  W. 

To  this  he  not  only,  in  the  case  of  France,  confesses  that  he  does  not 
attach  much  weight,  but  also  states  that  each  century  will  not  give  the  same 
mean  resultant 

The  actually  observed  districts  of  shock  have  been  mainly  along  the 
lines  of  the  valleys  of  the  Rhine  and  Rhone,  and  in  an  inferior  degree  along 
those  of  the  Loire,  Seine,  Garonne,  and  Mouse  (the  Pyrenees  being 
viewed  as  part  of  the  Spanish  region),  the  tendency  being  to  a  direction  in 
length  of  the  valley,  others  across  these.  When  the  physical  and  geological 
features  of  France  and  the  Rhine  basin  are  recalled,  it  can  scarcely  be 
doubted  that  they  constitute  a  natural  independent  seismic  region,  with 
centres  of  disturbance  connected  probably  at  great  depths  with  the  extinct 
Tolcanic  countries  of  central  France  and  of  the  Rhine.  The  almost  continual 
slight  disturbances  of  St.  Maurienne,  lasting  for  more  than  fifteen  months  at 
one  time,  appear  quite  analogous  to  those  of  Comrie  and  East  Haddamu  For 
the  specialities  of  these  and  other  questions  of  the  French  system,  however, 
the  memoir  itself  of  Perrey  must  be  consulted. 

Tlie  basin  of  the  Rhone  has  been  consigned  to  a  separate  memoir.  The 
precise  limits  assigned  to  the  district  are  not  stated ;  but  we  must  assume 
them  to  extend  somewhat  vaguely  beyond  the  actual  catchment  of  the 
liver^    The  results  are  given  in 

Tablb  YIII. — Earthquakes  of  the  Basin  of  the  Rhone. 


Centmy. 

Earthquakes  with  date  of  Day  or  Month. 

^f 
0 

TotaL 

. 

.s 

1 
» 

1 

•-> 

1 

1 

1 

< 

1 

•-» 

1 

1 

XVI. 

1 

1 

2 

1 

3 

1 

1 

10 

XVII 

6 

3 

1 

1 

3 

3 

... 

1 

6 

1 

... 

2 

2 

29 

XVIIL  ... 

7 

5 

6 

6 

3 

5 

7 

4 

4 

8 

6 

7 

3 

71 

XIX 

12 

12 

8 

3 

3 

2 

2 

4 

6 

6 

8 

14 

1 

81 

Total  ... 

26 

20 

16 

10 

11 

11 

9 

9 

19 

15 

14 

24 

7 

191 

Winter 

Spring 

Smnmer 

Autumn 

62 

32* 

37 

53 
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presenting  considerable  similarity  to  the  results  for  France  as  a  whole* 
Tlie  following  are  the  proportional  numbers  for  the  months : — 


r 

£ 

1 

i 

* 

•-» 

1 

1 

i 

1 

J§ 

^ 

1-69 

1-31 

1-06 

0-66 

0-71 

0-71 

0-59 

0-59 

1-24 

0-98 

0-92 

1-57 

Or,  for  Winter    1-35 

„      Spring 0^9 

„      Summer 0*81 

„      Autumn 1*16 

and  for  the  two  months  each  of 

Winter  Solstice 1*53 

Spring  Equinox 0*81 

Summer  Solstice 0*61 

Autumn  Equinox    1*05 

and  as  to  direction,  following  hb  usual  method,  Perrej  arrives  at  a  mean 
general  horizontal  resultant, — 

S,  9°  44'  W.  to  N.  9^  44'  E. 

This  is  not  far  from  the  general  line  of  the  course  of  the  Lower  Rhone ; 
but  Perrey  remarks  that  numerous  examples  occur  of  shocks  whose  alleged 
horizontal  moyements  were  orthogonal  to  the  river-valley,  and  to  the 
meridian. 

We  pass  on  to  the  basin  of  the  Rhine,  which,  in  its  entire  extent,  com- 
prehends, in  fact,  a  large  portion  of  Switzerland,  but  whose  precise  limits 
Perrey  does  not  define. 


Table  DL 

— Earthquakes  of  the  Basin  of  the  Rhine  and  Switzerland. 

Century. 

Earthquakes  with  date  of  Day  or  Month. 

With  date  of 
Season  only. 

It 

0 

Total. 

. 

i 

1 

^ 

^ 

i! 

Is 

r 

1 

1 

1 

^ 

i 

1 

^ 

II 

IX 

3 

2 

1 

2 

1 

... 

1 

*•• 

1 

... 

5 

1 
••• 

2 

1 

19 
2 

X.  

XI. 

2 

1 

•*• 

2 

... 

... 

... 

... 

i 

... 

2 

9 

XII.    

2 

••• 

..• 

■•• 

... 

1 

.«• 

... 

••. 

... 

... 

5 

8 

XIII 

1 

... 

.*• 

... 

..• 

... 

... 

... 

... 

... 

... 

••• 

1 

3 

XIV 

1 

1 

3 

1 

3 

2 

1 

2 

1 

... 

1 

1 

18 

XV 

1 

1 

1 

1 

1 

1 

1 

... 

... 

3 

2 

... 

... 

12 

XVI 
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5 

4 

5 

3 

2 

2 

2 

6 

3 

5 

6 

... 

5 

52 

XVII 

21 

14 

11 

6 

10 

5 

8 

6 

9 

8 

12 

•  •• 

6 

120 

XVIII.   ... 

15 

12 

10 

9 

6 

12 

11 

10 

8 

17 

20 

... 

2 

141 

XIX 

15 

17 

13 

12 

11 

6 

12 

11 

10 

17 

24 

25 

... 

... 

173 

ToUl... 

62 

54 

44 

37 

36 

30 

35 

30 

36 

36 

58 

71 

2 

1 

25 

557 

Winter 

Spring 

Summer 

Autumn 

160 

103 

101 

165 
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The  autoinn  and  winter  together  here  present  a  tiumber,  having  nearly 
the  same  ratio  to  that  of  spring  and  summer  together,  as  3  s  S* 

And  at  the  critical  periods  of  the  year,  of  two  months  each,  we  have 

Winter  Solstice    ISS 

Spring  Equinox   81 

Summer  Solstice 65 

Autumnal  Equinox 72 

while,  as  respects  horizontal  direction, 

S.      toN 0-78 

N.E  „  S.W 0-44 

E.     „  W 1-33 

S.E.„  N.W. 0-89 

S.      „  N.       2-00 

S.W.„N.E Ml 

W.     „E. 0-78 

N.W.„S.E.     0-67 

and,  by  calculations  on  before-given  principles,  a  mean  general  horizontal 
direction  of 

S.  7**  9'  E.  to  N.  7°  9'  W. 

which  corresponds  pretty  well  with  the  general  direction  of  the  river  valley. 
Observation,  however,  indicates,  in  most  of  the  localities  upon  its  banks, 
frequent  and  wide  occasional  departures  from  such  direction ;  and,  indeed, 
in  Uie  broken  country  forming  a  large  portion  of  its  length  it  is  improbable 
it  should  be  otherwise. 

The  basin  of  the  Danube. — This  vast  tract  of  country  has  been  left  very 
ill-defined  as  to  its  limits  by  Perrey,  as  respects  the  subject  of  his  research. 
His  catalogue  shows  that  he  does  not  limit  himself  precisely  to  the  catch- 
ment of  this  mightiest  of  European  rivers,  but,  in  fact,  includes  something 
like  the  whole  of  that  vast  tract  of  country  between  a  line  on  the  north, 
reaching  from  Prague  to  Kherson ;  and  on  the  south,  from  Venice  to  Con- 
stantinople, and  even  occasionally  stretching  beyond  these  limits. 


Table  X. — Earthquakes  of  the  Basin  of  the  Danube. 

Century, 

Etrthquakes  with  date  of  Day  or  Month. 

With  date  of 
Season  only. 

1^ 

TotaL 

•-» 

6 

1 

■ 

1 

1 

< 

1 

45 

g 

1- 

i 

p 

1 

1 

1 

^"1 

V.toXV... 

1 

1 

... 

... 

2 

1 

1 

1 

1 

... 

11 

19 

XVI 

3 

1 

... 

... 

3 

4 

1 

1 

3 

... 

i 

1 

i 

... 

16 

35 

XVH 

2 

4 

1 

... 

... 

1 

2 

3 

... 

... 

2 

5 

... 

... 

11 

31 

XVIII.  ... 

11 

10 

4 

8 

8 

6 

6 

9 

1 

7 

5 

8 

2 

... 

4 

88 

XIX.  

U 

15 

9 

8 

12 

8 

16 

11 

11 

16 

10 

12 

1 

1 

1 

145 

Total... 

31 

31 

14 

16 

23 

19 

26 

25 

16 

23 

18   26 

4 

1 

43 

318 

Winter 

Spring 

Siunmer 

Autumn 

76 

60 

67 

67 

Perrey  remarks^  that  although  the  total  number  of  shocks  recorded  appears 


Digitized  by  V^OOQlC 


ON  THB  FACTS  AND  THJftOKT  OV  BAKTHQUAKE  PHENOMENA.   15 

gnat,  it  is  rery  small  in  proportion  to  the  enormoni  area  embraoed-^Doarly 
ten  times  that  of  the  basin  of  the  Rhone  ;  and  he  justly  concludes,  that, 
were  it  not  for  the  penury  of  records  in  those  regions,  so  much  of  which 
b  semibarbarous  or  thinly  inhabited,  the  total  number  in  it  would  be  far 
greater  than  he  gives.  While  the  general  character  of  shocks  here  is  not 
that  of  great  intensity,  instances  are  to  be  found  of  some»  of  disastrous  power. 
The  relative  numbers  are  for 

Winter  Solstice l-SS 

Spring  Equinox 0^0 

Summer  Solstice 1*05 

Autumnal  Equinox 0*91 

aod  as  respects  horizontal  direction,  the  results  are,*- 

N.      toS 1-33 

N.E.    „  S.W 0-50 

E.       „  W 1-33 

S.E.    „  N.W 0-50 

S.        „  N M7 

S.W.  „  N.E 1-00 

W.      „  E 1-33 

N.W.„  S.E 0-85 

from  which  Perrey  obtains  a  mean  general  horizontal  direction  of 

W.  2°  39' N- to  E- 2«  39' S. 

Thk  is  i^in  very  much  the  line  of  the  Lower  Danube  itself,  which,  faow« 
ever,  over  so  vast  an  area,  and  fed  by  yast  rivers  poured  into  it  on  the 
nordiem  side  between  great  flanking  ranges  passing  more  or  less  north  and 
south,  can  in  reality  exercise  little  or  no  influence ;  and  too  much  stress 
most  not  be  laid  upon  any  observation  as  to  line  of  direction^  even  when  the 
azimuth  surface  may  be  reliable.  This  applies  to  every  earthquake  country ; 
uninstructed  observers  are  very  liable  to  mistake  the  direction  of  movement, 
by  confounding  the  direct  effects  of  the  shock  with  those  due  to  inertia  of 
bodies  moved.  In  the  Danube  basin,  it  must  at  present  remain  undecided 
whereabouts  the  centre  or  centres  of  disturbance  proper  to  the  region  are 
to  be  found.  On  the  north,  the  Carpathians  probably  are  above  the  centre 
for  those  whose  horizontal  direction  is  more  or  leas  north  and  south ;  but 
whether  the  shocks  from  east  to  west,  and  veering  towards  the  north  or 
oooasionally  to  the  south,  have  their  origin  in  the  Caucasus,  or  beneath  the 
eastern  extremity  of  the  Euxine,  or  are  also  in  connexion  with  the  great 
seismic  energies  that  so  powerfiiUy  and  frequently  display  themselves  in 
Syria  and  the  south-east,  indeed  all  over  Asia  Minor,  yet  requires  to  be 
mvestigated. 

In  the  region  of  the  Italian  Peninsula,  Perrey  includes  the  whole  of  Italy 
and  the  mass  of  the  Alps,  exclusive  of  Savoy  (which  is  included  in  the 
basin  of  the  Rhone),  with  Sicily,  Malta,  Sardinia,  &C.,  reaching  into  the 
eentre  of  the  Mediterranean  Sea ;  and,  on  the  north,  all  the  localities  whose 
watersheds  are  not  into  the  Rhone,  Rhine,  or  Danube,  For  the  con* 
ventional  limits  which  Perrey  has  fixed  for  himself  in  deciding  upon  the 
itolatUm  in  point  of  time  of  each  distinct  earthquake,  often  in  this  region 
continuing  for  many  days  with  little  interruption,  the  memoir  itself  must  h^ 
oooanlted. 
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Table  XL — Earthquakes  of  the  Italian  Peninsula,  with  Sicily,  Sardinia^ 

and  Malta. 


Century. 

Earthquakes  inth  date  of  Day  or  Month. 

With  date  of 
Season  only. 

If 

TotaL 

1 

1 

1 

s 

»n 

1 

1 

1 

1 

1 
^ 

1 

B 

1 

11 

^1 

1^- 

CO 

IV. 

... 

... 

... 

... 

6 

6 

V 

... 

... 

... 

... 

... 

... 

... 

... 

... 

1 

... 

4 

5 

VI 

... 

... 

... 

... 

... 

•«. 

1 

... 

... 

... 

1 

3 

VII 

•*• 

... 

..< 

••. 

••• 

•*• 

... 

... 

... 

... 

... 

... 

1 

VIII 

••. 

.•• 

... 

••. 

... 

... 

... 

.•• 

2 

2 

IX 

... 

... 

1 

... 

1 

... 

... 

... 

... 

••• 

... 

3 

6 

X 

... 

... 

••. 

... 

*.. 

... 

... 

... 

... 

•1* 

••• 

3 

3 

XI 

1 
2 

1 
1 

1 

... 

... 

... 

... 

1 

... 

1 

1 

... 

3 
12 

7 
18 

XII 

XUI 

1 

... 

2 

1 

..• 

... 

1 

... 

1 

1 

... 

8 

15 

XIV 

3 

1 

... 

1 

1 

•*. 

3 

... 

2 

3 

••• 

6 

20 

XV. 

... 

1 

1 

... 

1 

... 

... 

1 

... 

1 

... 

6 

... 

... 

7 

18 

XVI 
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... 

1 

1 

3 

1 

1 

1 

2 

... 

2 

2 

1 

... 

15 

32 

XVII 

10 

15 

14 

15 

4 

13 

8 

7 

10 

4 

6 

3 

2 

1 

9 

121 

XVIIL    ... 

45 

41 

43 

29 

38 

46 

21 

31 

24 

44 

31 

30 

2 

1 

12 

438 

XIX 

37 

39 

38 

35 

32 

24 

33 

36 

23 

41 

22 

29 

... 

... 

1 

390 

Total ... 

101 

99 

98 

84 

80 

86 

63 

77 

63 

92 

64 

77 

7 

2 

92 

1085 

Winter 

Spring 

Summer 

Autumn 

298 

250 

203 

233 

M.  Perrey,  having  obtained  access  to  the  woric  of  Muratori  and  other 
documents,  produced  a  supplement  to  this  memoir,  the  result  of  which  he 
has  given  in 

Supplemental  Table  XII.  —  Italian  Peninsula,   Sicily,    Sardinia,   and 

Malta. 


Century. 

Earthquakes  with  date  of  Day  or  Month 
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lo  the  first  of  these>  the  winter  and  spring  earthquakes  together  are  to 
the  rammer  and  autumn  together 

as  6  :  5. 
Id  the  supplemental  table  taken  alone,  however,  the  winter  season  has  lost 
its  preponderance,  and  autumn  shows  the  smallest  number. 

The  number  in  winter  and  autumn  together,  however,  still  slightly  ex* 
eeeds  that  for  spring  and  summer,  in  the  ratio  of  9  :  8. 

While  this  shows  the  usual  doubtfulness  of  generalizations  from  partial  data, 
the  result  rather  tends  to  awaken  increased  attention  to  the  very  prevalent 
excess  of  seismic  action  in  the  winter  half-year,  shown  by  so  many  cata- 
logues, and  here  sustained,  though  by  a  supplement,  that,  taken  alone,  some- 
what departs  from  the  principle. 

As  regards  direction,  he  finds 

N.  toS 0-82 

N.E.  „  S.W. 1-08 

E.  „  W i-94. 

S.E.  „  N.W. 1-29 

S.  „  N 1-29 

S.W.  „  N.E 0-40 

W.  „  E 0^1 

N.W.  „S.E 0-28 

and  the  mean  general  horizontal  direction  of  resultant 
S.  72^  27'  E.  to  N.  72°  27'  W. 
Observation  by  no  means  accords  with  any  such  general  mean  direction.  It 
has  repeatedly  indicated  movements  in  Italy  and  Sicily  in  every  azimuth— 
perhaps  with  some  greater  prevalence  of  those  from  north  to  south,  and  the 
reverse ;  but  the  fact  appears  to  be  that  these  regions  have  their  centre  of  dis- 
turbance almost  directly  beneath,  and  hence,  as  is  the  case  in  South  America, 
and  the  Moluccas,  Philippines  and  Sunda  Islands,  the  emergence  of  the  wave 
generally  makes  an  extremely  large  angle  with  the  horizon ;  and  the  horizontal 
component  is  ill-suited  to  easy  observation.  The  most  fearful  earthquakes 
with  which  this  region  has  been  visited,  and  whose  force  has  reached 
France,  Germany,  Holland,  and  England,  and  into  Africa,  are  said  to  have 
had  a  point  within  their  immediate  cincture  where  the  shock  was  absolutely 
verticd,  as  in  the  Riobambe  earthquake  recorded  by  Humboldt 

The  memoir  of  Perrey  on  Algiers  and  Northern  Africa  is  brief;  and  he 
laments  that  the  want  of  information,  and  of  access  to  sources  of  it  not 
attainable,  prevented  his  collecting  a  sufficient  number  to  found  any  ge- 
neralization upon.    The  following  results  alone  he  is  able  to  tabulate  : — 

Table  XIII.— Earthquakes  of  Algeria  and  Northern  Africa- 


Earthquakes  with  date  of  Month. 

U 
^l 

0 

Total. 

1 

1 

1 

^ 
^ 

i 

^ 

i 

>* 

1 

} 

1 

i 

s 

i 

1 

5 

2 

6 

7 

3 

2 

2 

5 

1 

4 

8 

1 

17 

63 

Winter 
13 

Spring 
12 

Snmmer 
8 

Aatumn 
13 
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The  want  of  further  historic  information  upon  this  region  is  much  to  be 
regretted.  It  has  been,  since  anything  has  been  recorded  of  it,  known  as 
subject  to  earthquakes.  Cities,  the  sites  of  bishoprics  in  the  ancient  Christian 
church  of  Africa,  were  thus  demolished,  and  now  astonish  the  traveller 
amidst  rocky  solitudes  by  acres  of  hewn  stone  on  the  sites  of  prostrate 
edifices  that  mark  the  past  magnificence  of  Carthaginian  and  Roman  rule. 
And  at  the  present  day,  earthquakes  are  frequent  and  serious,  afi  the  many 
edifices  erected  by  the  French  since  they  have  been  in  possession  of  Algeria, 
and  since  thrown  down,  demonstrate. 

Whether,  as  a  seismic  region,  Northern  Afk-ica  have  a  centre  of  dis- 
turbance of  its  own,  and  if  so,  whether  this  exists  deep  within  the  little- 
known  recesses  of  the  Atlas  chain,  or  beneath  the  southern  verge  of  the  Me- 
diterranean basin,  or  whether  its  disturbances  are  only  derivative,  and  have 
their  centre  either  in  the  volcanic  region  of  the  Canaries  or  amongst  the 
towering  peaks  of  Abyssinia,  all  yet  remains  to  be  dbcotered.  No  infor- 
mation worthy  of  any  confidence  has  reached  me  as  to  the  general  horizon- 
tal direction  of  shocks  in  this  region.  How  much  to  be  desired  is  it,  that 
the  government  of  the  Emperor  of  the  French  would  systematize  seismo- 
scopic  observations  in  their  African  possessions  I 

The  last  of  Perrey*s  European  series  now  comet  before  us ;  and  in  the 
following  table  he  has  given  the  results  for — 

Table  XIV.  —  Earthquakes  of  the  Turco- Hellenic  Territory,  Syria,  the 
^gaean  Islands,  and  Levant 


Century. 


Earthquakes  with  date  of  Day  or  Month. 


I 


8- 


I 


With  date  of 
Season  only. 


§1 

S.S 


I* 


Total 


IV 

V,    .... 
VI 

VII.  .. 

VIII.  .. 

IX 

X*   .... 
XI 

xn.  .. 
xiii. .. 

XIV.  .. 
XV..... 
XVI.  .. 
XVII... 
XVIII. 
XIX.  .. 


i! 


2 
3 

5;     9|  10   13 
16;  10   16    15 


12 


23 
10 
27 

8 
12 

f 

5 
18 
23 
13 

8 

11 

22 

53 

124 

197 


Total 


40   35   31.  30j  37|  35 


35   40   40 


34    33   33 


134 


570 


Winter 
106 


Spring 
102 


Summer 
115 


Autumn 
100 


This  vast  region  embraces  the  Turco-Greek  peninsula,  from  Trieste  to 
Constantinople  southward  of  the  Balkan  range,  the  Greek  Archipelago  and 
Asia  Minor  to  Bagdad,  with  a  portion  of  Syria  and  the  Levant 

Perrey  remarks,  that  the  number  of  facts  he  has  been  able  to  collect  are 
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fewer  than  the  known  seismic  character  of  the  region  warrants,  and  rightly 
attributes  this  to  want  of  record,  and  to  the  want  of  communication  in  these 
mrts  of  the  world.  He  also  remarks  (what  has  been  pointed  out  in  the  Second 
Report  as  applying  to  Antiocb,  &c.)  that  here  seismic  energy  appears  to  have 
been  in  various  localities  extremely  paroxysmal  in  its  action,  with  long  periods 
of  intermediate  cessation.  In  the  Turco-Greek  peninsula,  earthquakes  have 
long  been  both  frequent  and  formidable. 

For  the  four  critical  periods  of  the  year  he  finds 

Winter  Solstice 73 

Spring  Equinox 61 

Summer  Sobtice    « •  •  70 

Autumnal  Equinox    « 74 

PouqueviUe  (•  Voyage  eti  Gr^ce')  has  given  some  very  singular  facts  and 
speculations  as  to  the  time  of  year  of  earthquakes  in  Epirus,  &o^  in  re* 
latioB  to  the  rains.    They  need  inquiry  and  confirmation. 

In  analysing  the  horizontal  direction  of  shock,  Perrey  has  deemed  it 
proper  to  separate  the  region  under  three  sub-districts,  in  consequence  of 
the  brc^en  character  of  the  Greek  peninsula^  and  the  very  diverse  orieniaikm 
of  the  CMMlstSy  river-courses,  and  mountain-ranges  throughout  all  its  partsi 


Diiectkuu. 

AdriAtie. 

Constantiiiople. 

SonTTna. 

Total. 

N.toS.       ... 

4 

2 

2 

9* 

N.E.  to  S.W.  ... 

... 

E.toW.      ... 

2 

t.. 

8t 

S.E.  toN.W.  ... 

1 

1 

S.  toN.      ... 

4 

1 

1 

6 

S.W.toN.E.  ... 

1 

... 

... 

1 

W.  toE. 

3 

... 

... 

3 

N.W.  toS.fi.    ... 

2 

1 

1 

5t 

These  figures  are  meagre  enough.  By  the  usual  method,  Perrey  calculates 
a  rae«i  general  horiaontal  direction  of  shock, 

N.  SAT  37'  W.  to  S.  34°  37'  E. 

The  deduction,  however,  is  plainly  in  this  instance  of  little  value.  Many 
shocks  in  this  region  have  been  described  as  approximating  to  vertical ;  and 
this  is  to  be  anticipated  from  one  having  a  centre  of  disturbance  almost  in 
its  midst  with  active  volcanic  action.  AH  its  eastern  end,  Syria,  &c.,  how- 
ever, has  some  separate  centre  of  disturbance^  either  in  connexion  with  the 
eastern  chains  of  Asia  Minor,  which  appear  to  abound  in  igneous  forma- 
tions or  with  the  Southern  Arabian  centre ;  while  Constantinople,  the  Dar- 
danelles, and  the  western  and  southern  shores  of  the  Euxine  may  also  be  in 
connexion  with  the  Caucasian  centre  of  action. 

We  have  now  completed  Perrey's  European  series.  He  passes  to  the 
American  by  the  discussion  of  the  basin  of  the  Atlantic,  viewed  as  com- 
prehending all  from  Iceland  on  the  north  to  Tristan  d'Acunha  on  the  south, 
and  on  the  east  and  west  everything  between  the  shores  of  the  continents  of 
the  New  and  Old  Worlds. 

Within  this  oceanic  expanse  no  less  than  five  great  and  probably  con- 
neeted  eentfes  of  volcanic  action  exist :  Iceland,  the  Azores,  the  Canaries, 


*  Indading  once  for  Aleppo. 
t  Inchiding  onee  for  ThMsis. 


t  Including  once  for  Latakia. 
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the  Cape  de  Verds,  the  West  India  Islands,  and  the  great  submarine  volcanic 
region  first  noticed  by  M.  Daussy,  besides  many  other  points,  as  Ascension, 
St  Helena,  St.  Paul's,  &c.,  at  which  extinct  volcanic  phenomena  are  visible. 
The  number  of  observations,  however,  as  yet  recorded  of  earthquake-shocks 
within  the  basin  is  so  very  small,  that  Perrey  has  been  only  able  to  collect  fronx 
130  to  140  instances  between  the  years  14*30  and  184*7>  or  about  three  a 
year  on  the  average ;  so  that  he  does  not  deem  the  basis  large  enough  to 
warrant  any  numerical  discussion.  The  observations  of  M.  Daussy,  "  Sur 
Texistence  probable  d'un  volcan  sousmarin  situ^  par  environ  0°  SCr  de  lat. 
S.  et  22°  O'  de  Ion.  ouest,"  published  in  vol.  vi.  p.  512,  '  Comptes  Rendus 
de  TAcad^mie'  (1853),  have,  however^made  this  one  of  the  most  interesting 
seismic  regions  on  the  globe. 

M.  Moreau  de  Jonn^  (<  Comptes  Rendus/  vol.  vi.  p.  302)  has  given  two 
recorded  observations  on  board  French  ships,  the  *  Ctesar'  and  the  *  Syl- 
phide,'  which  render  the  exbtence  of  a  submarine  volcanic  tract  on  the  bank 
of  Bahama  highly  probable ;  but  M.  Daussy  has  collected  and  given  obser- 
vations of  shocks  received  by  vessels  at  sea  at  various  periods,  but  all  within 
a  given  limited  area,  which  renders  the  existence  almost  certain  of  a  vast 
active  volcanic  suboceanic  area  in  the  basin  of  the  Atlantic,  nearly  midway 
between  Cape  Palmas  on  the  west  coast  of  Africa,  and  Cape  St.  Koque  on 
the  east  coast  of  South  America,  or  in  the  narrowest  part  of  the  ocean  between 
these  continents.  This  vast  disturbed  and  perhaps  partially  igneous  ocean- 
floor  can  be  no  less  than  nine  degrees  in  length  from  west  to  east,  and  from 
three  to  four  degrees  in  breadth  from  north  to  south.  The  following  are  the 
observations  given  by  Daussy;  and  the  relative  positions  of  the  several 
recording  ships  are  given  in  the  diagram  (fig.  A.) : — 

1 7th  Oct  174.7.— The  ship  *  Le  Prince,'  Bobriant :  two  shocks.  Lat  1°  35'  S. ; 
long.  20^  10'  W. 

5th  Feb.  1754. — The  ship  *  Silhouette,'  Pintaul :  one  shock,  with  trembling. 
Lat.  0**  20'  S. ;  long.  23°  lO'  W. 

13th  April  1758 — The  frigate  *  Fiddle,'  Lehoux :  several  shocks.  Lat. 
0°20'S.;  long.  23°  10' W. 

3rd  May  1 761 . — The  ship  *  Le  Vaillant,'  Bouvet :  saw  an  islet  of  sand  above 
water,  in  lat  0°  23'  S.  and  long.  21°  30'  W. 

3rd  Oct.  1771 — The  frigate  'Le  Pacifique,'  Bonfil:  one  shock  and  trem- 
bling.  Lat.  0°  4*2'  S.,  and  long,  by  estimation,  22°  47'  W.  An  agi- 
tated sea,  and  no  bottom  found  on  sounding. 

19th  May  1806.— M.  de  Krusenstem  (ship's  name  not  given).  Lat.  2°  4?3'  S., 
and  long.  22°  55^  W.  Saw  columns  of  smoke  twelve  or  fifteen  miles 
to  the  N.N.W.,  which  he  and  Dr.  Horner  attributed  to  volcanic  sub- 
marine eruption. 

18th  Dec.  1816.— The  ship  'The  Triton,'  Proudfoot:  in  lat  0° 23' S.,  and 
long.  20°  6'  W.,  passed  over  a  shoal  of  about  three  miles  from  east  to 
west,  and  one  mile  from  north  to  south.  Twenty-six  fathoms  water, 
with  bottom  of  brown  sand. 

12th  April  1831.— The  ship  '  Eagle,'  J.  Taylor:  in  lat  0°  22'  S.,  and  long. 
23°  27'  W.,  the  sea  being  perfectly  calm ;  one  violent  shock:  the  rudder 
was  powerfully  shaken,  and  a  muffled  sound  was  heard  from  beneath. 

Nov.  1832.— The  ship  «La  Seine,'  Le  Maire:  in  lat  0°  22'  S.,  and 

long.  21°  15'  W.     Under  easy  sail ;  one  powerful  shock. 

9th  Feb.  1835. — The  barque  *  The  Crown,'  of  Liverpool  (captain's  name  not 
given) :  lat.  0°  57'  S.,  and  long.  25°  39'  W.  When  going  six  knots, 
was  thought  suddenly  to  have  struck  on  a  coral  rock  and  to  have 
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grated  over  it;  but  on  souDding  directly  after,  found  185  fathoms 

water. 
28th  Jan.  1836. — The  ship  'Pliilantrope  de  Bordeaux/  Jayer:  inlat.0°4?0'S., 

and  long.  22°  30'  W.     Violent  shock  and  trembling  for  three  minutes. 
13th  &  16th  March  1836 The  American  ship  *  St.  Paul,'  of  Salem  (captain's 

name  not  given),  being  ten  miles  to  the  west  of  the  *  Philantrope,' 

perceived  the  same  shock. 
in  1836  Captain  Fergusson,  of  the  ship  '  Henry  Tanner,'  presented  to 

the  Royal  Asiatic  Society  of  Bengal,  through  F.  L.  Huntley,  Esq., 

volcanic  ashes  or  cinders,  like  black  pumice,  which  he  had  found  on 

the  surface  of  the  sea  when  much  agitated,  in  lat  0°  35'  S.  and  long. 

18°  10'  W. 
In  a  previous  voyage  Captain  Fergusson,  in  lat  1°  35'  S,  and  long. 

23°  5'  W.,  was  alarmed  by  a  violent  shock,  accompanied  by  a  great 

noise,  as  if  he  had  struck  upoq  a  rock,  but  could  find  nq  bottom  on 

sounding. 

Some  other  instances  are  said  to  be  found  in  the  *  Sailing  Instructions  for 
the  Azores '  by  Tofino,  translated  by  M.  Urvoi  de  Portzampare,  in  the 
*  Annales  Maritimes  de  France,'  which  I  have  not  been  able  to  consult.  We 
possess  enough,  however,  to  indicate  that  a  submarine  volcanic  tract  is  in 
activity  beneath  the  Atlantic,  as  large  in  area  as  Great  Britain,  and  that  the 
bottom  of  the  ocean  there  is  rendered  uneven  in  the  extreme,  immense 
protrusions  taking  place  in  deep  water.  How  desirable  would  it  be  that 
some  British  ships  were  commissioned  to  examine  this  tract  more  perfectly, 
especially  to  obtain  accurate  soundings  and  sectional  lines  of  the  bottom 
from  east  to  west  and  from  north  to  south,  and,  if  possible,  to  obtain^  by 
dredging  or  otherwise,  good  specimens  of  the  material  of  the  bottom,  and 
also  observations  of  the  temperature  of  the  sea  at  various  depths  I 

Our  knowledge  of  the  distinguishing  marks  of  suboceanic  and  subaerial 
volcanic  ejecta,  of  the  chemical  reactions  producing  mineral  species,  under 
the  conditiops  (so  vaguely  understood  as  yet)  of  high  temperature  and  great 
pressure  in  presence  of  water,  might  receive  important  accessions,  if  such 
specimens  from  the  bottom  could  be  obtained  from  thence  (or  from  other 
similar  positions),  while  our  ideas  of  the  extent  to  which  local  ocean  cur- 
rents may  be  produced  and  maintained  by  the  local  heating  of  the  deep  sea 
immediately  above  such  volcapic  tracts  might  be  enlarged,  and  other  trains 
of  future  research  suggested. 

Above  all,  how  forcibly  does  the  existence  (so  far  almost  unnoticed  and 
unknown)  of  this  vast  volcanic  and  seismic  submarine  region  indicate  the 
desirableness  of  having  henceforth  a  well-arranged  system  of  scientific  ob- 
servation and  mode  of  daily  entry  in  the  log-book  made  part  of  the  duties 
of  ships  of  every  civilized  maritime  nation,  and  having  such  entries  referred 
to  a  special  office  (with  us,  probably,  in  connexion  with  the  Admiralty  or 
with  a  revivified  Board  of  Longitude)  for  extract,  record,  and  discussion  I 
That  certain  classes  of  observations  could  not  be  made  on  board  our  ships 
at  present,  although  the  zeal  of  our  officers  of  the  navy  and  of  some  of  the 
mercantile  marine  might  be  counted  on,  is  certain  ;  but  it  is  equally  so  that 
very  many  of  the  highest  value  to  cosmical  science  could  be  made  and  re- 
corded, if  thjB  system  were  once  arranged,  the  classes  of  observation  deter- 
mined on,  properly  ruled  and  arranged  log-books  prepared,  and  the  making 
certain  observations  (to  be  determined  on  by  the  central  board  beforehand 
in  each  instance)  made  matter  of  duty.  Navigation  and  commerce  would 
gain,  eventually,  quite  as  much  as,  by  the  small  sacrifice  of  time  and  labour^ 
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tbef  thus  gave  to  science.  I  venture  respectfully  to  commend  it  to  our  own, 
to  the  AmMrican,  and  to  all  European  governments. 

lo  his  memoir  on  the  Earthquakes  of  the  United  States  and  Canada, 
Perrey  auty  ba  said  to  include  the  whole  northern  continent  of  America,, 
with  the  exception  of  Mexico  and  Central  America,  to  which  he  has  de- 
Toted  another  ipeiy^oir. 

The  two  following  tables,  XV.  and  XVI.,  give  the  results  of  his  discus- 
sion:— 

Table  XV. — Earthquakes  pf  the  United  States  and  of  Canada. 


Century. 

Evthqaakes  with  date  of  Day  or  Month. 

Total. 

1 

1 

1 

4- 

1 

1 

1 

i 

< 

1 

. 

i 

J 

XVII 

XVIII.  ... 

XIX.  

8 

4 

1 
9 
4 

"d 
s 

"s 

3 

3 
3 

1 
8 

6 
4 

"i 

6 

3 

1 
7 
2 

7 

12 
S 

4 

6 
5 

10 
88 
51 

Total  ... 

14 

14 

12 

6 

6 

4 

10 

14 

8 

10 

19 

i; 

15 

149 

Winter 
40 

Spring 
16 

Summer 
32 

Autun)Q 
46 

Here  the  number  of  ^arthqqakes  in  autumn  and  winter  are  to  those  of 
summer  and  spring  as  88  to  4*9,  or  nearly  as  2  to  1 ;  and  for  Perrey's  critical 
periods: — 

Winter  solstice 31 

Spring  equinox 18 

Summer  solstice  ....••• 14< 

Autumnal  equinox  ,.,.  , 18 

Peri^y  wbolly  di0putes  the  verity  of  Humboldt's  conclusion  (*  Cosmos,'  t.  i. 
p.  549,  trad*  P-  M*  Fays)  that  earthquakes  are  most  frequent  at  the  equi« 
Qoies,  and  declares  that  the  results  of  all  his  memoirs  prove  the  contrary. 

He  discusses  from  his  catalogue  the  relative  number  of  shocks  in  each 
State  of  the  Union  ;  but  this  is  comparatively  of  less  importance  to  science 
than  to  fooial  life.  He  has  not  been  able  to  ascertain  the  northern  limit  of 
seismic  action,  but  sees  ground  to  believe  it  has  reached  Greenland  more 
than  once,  but  that  frequent  shocks  pass  no  further  north  than  the  Canadas. 
The  only  records  with  direction  of  motion  given  are  twelve  in  number, 
viz,,— 

N.W.toS.E 6 

W.      „  E 3 

N.E.   „  S.W, 2 

E.       „  W 1 

and  calculating,  upon  his  already  known  method,  the  mean  direction  from 
this  narrow  base,  he  finds  it 

N.  31^  54f'  W.,  to  S.  31°  54'  E.; 

hat  he  confesses  his  own  opinion,  derived  from  a  broad  view  of  all  the  facts 
and  the  topographic  character  of  the  country,  to  be,  that  the  prevailing 
direction  is  from  north  to  south,  or  the  contrary. 
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The  vertical  compoDent  of  motion  has  only  been  given  in  one  instance 
here ;  but  there  is  every  reason  to  presume  that  the  angle  of  emergence  of 
the  seismic  wave  all  over  the  northern  continent  of  America  is  steep. 

Table  XVI. — Earthquakes  of  Mexico  and  Central  America* 


Century. 

Earthquakes  with  date  of  Day  or  Month. 

Total. 

1 

1 

1 

t 

< 

15- 

6 

t 

< 

1 

GO 

1 

1 

1 

XVI 

XVII 

XVIII.   ... 
XIX 

i 

"i 

2 
2 

'2 
4 
2 

3 
2 

"6 

2 

"2 
2 

"i 

1 

"s 

1 

1 
3 

1 
2 

3 

5 
3 
6 

1 

6 

7 

24 

30 

TottL  ... 

8 

5 

8 

5 

6 

5 

4 

2 

4 

4 

3 

3 

15 

67 

Wmter 
16 

Spring 
16 

Summer 
10 

Autumn 
10 

The  steep  emergence  of  the  wave  is  most  remarkable  in  Mexico,  where,  at 
Acapulco,  it  is  frequently  felt  as  a  directly  vertical  pube  from  beneath  (as 
at  Riobamba). 

Perrey  does  not  attempt,  from  his  materials,  a  full  discussion  of  the  hoii- 
zontal  component  of  motion.  The  prevailing  impression  in  Mexico  is  that 
the  direction  of  shock  is  parallel  to  the  chain  of  the  Cordilleras.  Some,  how- 
ever, of  the  most  remarkable  shocks  have  apparently  moved  at  right  angles 
to  the  preceding. 

The  truth  is,  in  a  wide  region  situated  close  to,  and  no  doubt  in  great  part 
close  above,  vast  centres  of  disturbance,  whose  pulses  reach  the  surmce  gene- 
rally with  large  angles  to  the  horizon,  there  must  be  horizontal  components 
in  every  azimuth,  and  only  distinguishable  in  one  more  than  another,  as  the 
accidents  of  the  originating  blows,  of  the  heterogeneous  formations  through 
which  they  are  transmitted,  and  the  opportunities  of  exactness  of  observa- 
tion, &c.  vary. 

Perrey  concludes  this  memoir  with  a  rdsumi  of  the  labours  of  Arago,  Von 
Buch  and  Berghaus,  on  the  volcanoes  of  Mexico  and  the  Andes. 

In  his  memoir  on  the  Antilles,  Perrey  includes  Cuba,  which  has  also  been 
the  subject  of  research  to  M.  Poey,  now  stationed  at  the  Observatory  of 
Havanna — with  Hispaniola,  Jamaica  and  Porto  Rico  in  the  greater,  and  in 
the  lesser  isles  Antigua,  Barbadoes,  St  Christopher's,  Guadaloupe,  Mar- 
tinique, Granada,  Trinidad,  St.  Thomas,  Santa  Cruz,  Dominica,  St.  Vin- 
cent, Tobago,  and  St  Lucia,  &c.  In  discussing  the  copious  materials  at  his 
disposal  in  this  vast  region,  Perrey  has  found  it  necessary  to  adopt  certain 
conventional  licences  with  reference  to  some  of  the  very  prolonged  earth- 
quakes, whose  slight  but  continuous  shocks  have  often  (as  at  Comrie  and 
East  Haddam)  lasted  for  a  great  length  of  time,  reckoning  each  month  of 
such  shocks  as  equivalent  to  one  great  earthquake. 

In  the  following  table,  XVII.,  he  has  given  the  distribution  in  time : — 
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Table  XVIL— Earthquakes  of  the  Antilles. 


Ceutury. 

Earthquakes  with  date  of  Day  or  Month. 

With  Season 
only. 

1-^ 

TotaL 

t 
s 

£ 

1 

t 

•< 

5r 

►-> 

^ 

•^ 

1 

< 

1 

1 

1^ 

XVI 

... 

1 

... 

1 

XVII 

... 

i 

i 

it    i 

i 

i 

... 

... 

... 

•t. 

10 

16 

XVIII.    ... 

6 

7 

3 

4     3 

5 

la   7 

9 

10 

5 

3 

... 

..* 

13 

85 

XIX 

9 

8 

19 

12    12 

10 

9 

16 

12 

10 

13 

12 

1 

... 

2 

145 

Total  ... 

15 

16 

2S 

17 

16 

16 

20 

23 

2S 

20 

18 

15 

1 

25 

247 

Winter 

Spring 

Summer 

Autumn 

54 

iV 

65 

53 

Contrary  to  the  result  usual  for  Europe,  the  number  of  shocks  in  summer 
here  seems  to  preponderate ;  and  in  the  critical  periods  we  have — 

Winter  solstice     30 

Spring  equinox     40 

Summer  solstice 36 

Autumnal  equinox 42 

or  for  autumn  and  winter  together  108;  spring  and  summer  114,— a  result 
equally  contrary  to  what  has  been  found  so  uniformly  for  Europe,  and  to 
the  preyatent  belief  of  the  inhabitants  of  the  islands  themselyes,  who  deem 
the  equinoxes  the  dangerous  times. 

Representing  by  unity  the  mean  degree  of  frequency,  and  by  12  the 
whole  number  of  earthquakes  given  with  date  of  month,  we  find  for  each 
month  the  following  proportional  number : — 


•^ 

£ 

1 

t 

< 

5? 

i 

^ 

1 

1 

1 

1 

0*81 

0-87 

1-25 

0-92 

0-87J0-87jl-09 

1*25 

M9 

1-09 

0:98 

0-81 

0^8 

0-89                   1-18 

0-96 

As  regards  horizontal  direction  of  shock,  his  data  give* 

to  W 

„   N 


E.     to  W 9 

S.      „   N 5 

N.      „    S 3 

W.     „   E 2 

N.E.  „   S.W 2 


from  which,  by  his  usual  method,  he  deduces  a  mean  horizontal  direction— 
E.22°5'S.toW.22^5'N.; 

and  it  is  worthy  of  remark,  that  Deville  gives,  as  greatly  disturbed  in  1843> 
the  zone  running  parallel  to  the  great  circle  of  W.  35°  N.  to  E.  35°  S., 
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or  E.  S5°  S.  to  W,  S5"  N.,  which  is  about  parallel  also  to  Perrey's  mean 
direction.  It  must  not  be  forgotten,  however,  that,  in  1812  and  in  184*3, 
shocks  wer^  observed  at  right  angles  to  this,  and  in  some  cases,  as  in  1770, 
in  all  azimuths ;  and  also  that  the  prevalent  opinion  of  the  inhabitants  of  the 
West  Indian  Islands  is,  that  they  (lave  a  general  north  and  south  horizontal 
direction,  thus  coming  within  the  scope  of  the  general  direction  of  similar 
phenomena  on  the  northern  and  southern  continents  of  America. 

M.  Poey,  of  the  Observatory,  Havanna,  has  published,  in  the  *  Nouvelles 
Annales  des  Voyages'  for  1855,  a  memoir  and  supplement  upon  the  earth- 
quakes of  Cuba,  separately,  with  copies  of  which  he  has  obligingly  fpr- 
nished  me.  It  would  be  out  of  place  in  this  Report  to  discuss  M.  Poey's 
views  pis  to  the  connexion  between  cyclones,  or  other  storms,  and  earth- 
quakesi,  or  as  to  the  physical  causes  of  the  impulse  producing  shocks.  As 
regards  the  first,  it  may,  however,  be  remarked  in  passing,  that  violent  and 
sudden  locfil  change  of  barometer-pressure  must  (as  I  have  indicated  in  a 
former  report)  be  viewed  as  a  possible  inducer  of  such  reactions  beneath  the 
surface  as  fnay  possibly  result  in  earthquakes ;  and  that  as  respects  the  part 
which  water,  under  heat  and  pressure,  may  play  in  its  spheroidal  state,  I 
h^ve  also  indica^d  fully  as  much  as  the  present  state  of  our  knowledge  will 
sustain.  As  respects  the  statistic  results  of  M.  Poey's  labours,  they  are 
embraced  in  the  following  table,  which  combines  the  facts  of  both  memoir 
and  supplement : — 


Table  XVIII. 

— Earthquake 

is  of  Cuba. 

Bgrtbqoaket  with  Oate  of  D»y  or  of  Month. 

, 

C^^qry- 

»-» 

£ 

i 

t 

< 

i 

« 

§ 

1 

< 

1 

1 
§ 

1 

Total. 

XVI 

... 

... 

... 

... 

... 

! 

4 

4 

XVII 

... 

i 

... 

... 

... 

... 

... 

...  ■  ... 

... 

4 

XVIII.    ... 

... 

... 

... 

... 

... 

... 

2 

2 

XIX 

4 

B       2 

3 

3 

4 

5 

2 

6 

5 

6  ;    4 

3 

50 

Total  ... 

4 

7 

2 

8 

8 

4 

5 

2 

6 

5 

6 

4 

9 

60 

Winter 

Spring 

Sammer 

Antamn 

13 

10 

18 

15 

Cuba,  therefore,  appears  to  show  28  earthquakes  in  the  winter  and  autumn, 
and  23  only  in  the  sammer  and  spring. 

The  surface  of  this  single  island  is,  however,  perhaps  too  small  to  attach 
much  importance  to  its  isolated  discussion*. 

The  last  of  Perrey's  monographic  memoirs  is  that  on  Chili  and  La  Plata, 

*  While  this  Report  has  been  passing  through  the  press,  I  have  received  firora  M.  Pocy  a 
copy  of  his  later  and  more  elaborate  "  Chronological  Catalogue  of  Earthquakes  in  the  West 
Indies,  from  1 530  to  1857,  extracted  from  'rAnnuaire  de  la  Society  M^t^rologiqae  de  Prance,' 
torn.  V.  p.  75,  S^nce  da  25  Mai,  1857,"  and  regret  that  the  limits  of  a  foot-note  preclude 
the  possibility  of  analysis  of  his  valuable  memoir. 

Of  a  total  of  690  earthquakes,  he  finds  that  142  occurred  in  winter,  156  in  spring,  187 
in  summer,  and  154  in  autumn,— thus  so  far  corroborating  Perrey's  result  deduced  from 
a  ampler  base. 

^  very  complete  Seismic  Bibliography  for  the  Antillet  concludes  M.  Poey's  i 
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or  the  region  lying  between  the  western  slope  of  the  Andes  and  the 
from  the  25°  to  the  45^  south  latitude,  between  the  Desert  of  Atacama  on 
the  north,  and  the  Archipelago  of  Chonos  on  the  south. 

The  following  table  contains  his  numerical  results  for  a  region,  however, 
in  which  shocks  of  greater  or  less  intensity  are  almost  of  daily  oc- 
currence : — 

Table  XIX. — Earthquakes  of  Chili  and  the  basin  of  La  Plata. 


Earthquakes  with  date  of  Day  or  Month. 

^   . 

Century. 

H 

Tottl 

t 

1 

i 

CO 

1 
1 

g 

1 

.g 

i 

^ 

S 

»-» 

>-> 

1 

1 

1 

0 

XVI.  

XVIL.:.... 

XVIII.  ... 

XIX.  

"i 

14 

i 

1 

10 

1 

1 
14 

"i 

'i 

1 

19 

n 

10 

i 

15 

i'e 

1 

9 

27 

"i 

8 

4 

6 
8 
8 

5 

9 

16 

170 

Total  ... 

15 

12 

16 

8 

21 

12 

16 

16 

16 

10 

27 

9 

16 

194 

Winter 
43 

Spring 

Summer 
48 

Autumn 
46 

From  thb  table  he  has  omitted  several  earthquakes,  whgse  period  has 
been  prolopged  to  several  weeks  or  even  months,  by  a  ppnvention  like  that 
adopted  here  with  regard  to  the  memoir  of  Comrie,  &e. 

A  table  of  earthquakes  noticed  as  occurring  in  Peru  from  a.d.  1810  tp 
1835,  by  M.  Castelnau,  was  presented  to  the  Academy  of  Sciences  in 
ISI-T,  by  Arago  ('  Coniptes  Renaus,'  2  Nov.  1847) ;  but  the  catalogue  itself  is 
not  given,  and  I  am  not  aware  that  it  has  appeared  elsewhere. 

M.  Lambert,  mining  engineer  of  Chili,  in  a  memoir  on  the  causes  of 
earthquakes  in  Chili  and  Peru  (*Ann.  de  Chlm.  et  de  Phys.,'  t.  xlii. 
pp.  392-405),  published  in  1829,  mentions  that  the  Chilians  vulgarly 
divide  their  year  into  three  seasons  or  '*  temporadas,"  ^nd  that  oqe  of  these, 
the  first,  composed  of  January,  February,  March,  and  April,  is  called  "  tem- 
porada  de  los  tremblores,''  or  earthquake  season ;  on  comparipg  the  facts  of 
his  catalogue,  with  the  popular  belief  however,  Perrey  finds  the  facts  pal- 
pably contradict  it. 

As  to  the  prevalent  horizontal  direction  fiere,  Perrey  makes  no  attempt 
to  discuss  it,  contenting  himself  with  the  remark,  that  the  popular  belief 
is  universal  in  the  region,  that  it  follows  the  chain  of  the  Cordillera.  In  a 
country,  however,  having  so  little  of  its  observed  surface  (for  the  great 
sandy  deserts  are  nepirly  ynknown  as  respects  our  inquiry)  of  a  level  cha- 
racter, with  a  general  seaward  slope  from  the  great  ftentral  axis,  and  with 
the  origin  of  disturbance  so  closely  beneath,  that  many  of  the  most  for? 
midable  earthquakes  have  emerged  almost  vertically  over  considerable 
tracts,  the  attempt  to  fix  a  prevailing  horizontal  direction  would  be 
nugatory. 

Finally,  we  come  to  the  two  last  of  Perrey's  memoirs  which  have  been 
referred  to — those  in  which  he  has  brought  under  one  view  many  of  the 
facts  of  his  monographs,  and  graphically  discussed  the  results  in  tables 
for  all  Europe,  witJi  the  adjacent  parts  of  Africa  and  of  Asia,  and  for  the 
north  of  Europe  with  the  north  of  Asia,  viewed  as  one  great  boreal  band. 
The  results  of  the  former  are  given  in  the  following  Table :— < 
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Tablb  XX. — R6sum6  of  the  Earthquakes  of  Europe,  and  of  the  adjacent 
parts  of  Asia  and  of  Africa,  from  A.D.  306  to  184*3. 


Century. 

Earthquakes  with  date  of  Day  or  Month. 
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1 
3 

1 
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1 

10 

8 

19 

34 
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51 
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XI 
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2 

1 

5 
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2 
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1 
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2 

5 

4 
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27 

55 

XIV 
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1 

... 

3 
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3 
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4 

3 

4 

4 

2 

2 

22 

58 
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2 

2 

2 

2 

1 

2 
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I 

17 

41 

XVI 
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8 

10 

4 

2 

3 

9 

3 

6,  10 

8 
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31 
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XVII 
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16 

15 

13 

6 

9 

10 

3 

14 

3 

10 

17 

1 

1 

41 

180 

XVIII.    ... 

77 

53 

45 

52 

36 

49 

49 

49 

32 

62 

55 

62 

14 

4 

21 

660 

XIX 

99100 

90 

59 

55 

55 

74 

78 

72 

92 

60 

78 

6 

I 

6 
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Total  ... 

228189 
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147 

126 

131 

148 

147 

147 

176 

148|2^ 

48 

11 

279 

2299 

Winter 

Sjring 

Summer 

Autumn 

589 

442 

526 

Autumn  and  winter  still  preponderate  thus  for  entire  Europe.  As  regards 
the  ^'  critical  periods"  of  the  year,  the  results  are — 

For  XIX.  Century.  For  the  whole  period. 

Winter  solstice 177  253 

Spring  equinox 151  170 

Summer  sobtice 129  150 

Autumnal  equinox    164  159 

and  for  the  half  year,  and  XIX.  century  only — 

Autumn  and  Winter 527 

Spring  and  Summer 394 

and  for  the  whole  period  of  nearly  15^  centuries — 

Autumn  and  Winter 1165 

Spring  and  Summer 857 

or  about  as  1  :  0*75. 

The  mean  anntial  number  of  earthquakes  in  Europe,  &c.,  deduced  from 
the  data  of  the  ten  years  between  1833-1842,  while  it  was  everywhere  at 
peace,  and  intelligence  well  conveyed,  Perrey  finds  to  be  nearly  33  per 
annum.  He  considers  that  one-fifth  more  may  probably  have  occurred 
that  have  not  come  to  his  knowledge,  so  that  the  mean  annual  number 
would  be  40,  or  between  4  and  5  per  month. 

The  remainder  of  this  memoir  is  occupied  with  remarks  upon  very  nu- 
merous and  interesting  secondary  phenomena,  recorded  of  the  earthquakes 
referred  to  in  the  catalogue  dispvissed. 
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lo  the  last  memoir — that  in  which  Perrey  dbcusses  the  earthquakes  of 
lorthern  Europe  and  northern  Asia  together — he  expresses  with  some 
aation  his  own  belief  that  the  preponderance  of  seismic  phenomena  in  the 
mter  half-year  above  the  summer  half,  in  the  ratio  above  given,  is  worthy 
of  acceptance  as  an  empiric  law  for  Europe  at  least,  but  doubts  whether  it 
naj  be  extended  to  the  other  hemisphere. 

The  geographical  limits  of  this  sebmic  region  are  somewhat  arbitrary, 
reaching  from  the  Elbe  on  the  west  to  the  extremity  of  Kamtschatka  on 
the  east;  bounded  on  the  north,  in  Europe,  by  the  Baltic  and  White  Seas, 
but  in  Asia  reaching  to  the  Arctic  shores ;  and  on  the  south,  in  Europe,  by 
a  great  circle  passing  north  of  the  Carpathian  Mountains  to  the  Euxine,  the 
Caucasus  and  the  Caspian,  and  thence  by  the  Desert  of  Gobi  to  the  Sea  of 
Okhotsk — a  va^t  tract,  containing  many  important  mountain-chains,  though 
principally  distinguished,  as  Perrey  remarks,  by  its  immense  plains  and  low 
table-lands. 

The  eight  following  tables  give  not  only  his  numerical  results  for  this 
region,  but  a  general  comparative  view  of  the  numerical  results  of  nearly 
the  whole  of  his  memoirs,  for  which  I  have  somewhat  extended  some  of  the 
tables,  and  changed  their  order  slightly. 


Table  XXI.- 

-Earthquakes  of  the  Northern  Zone  of  Europe. 

Centory. 

Earthquaket  with  date  of  Day  or  Month. 
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It 

1^ 

Total 

3 

1 

•-> 

t 

1 

1 

< 

•^ 

>-> 

-§ 

1 

1 

1 

J 

1g 
1^ 

CO 

VULtoXVI. 

2 

1 

1 

1 

3;    ^ 

1 

2 

1 

1 

... 

2 

8 

25 

XVII 

3 

5 

1 

1 

1 

2 

2 

•». 

... 

4 

19 

xviu 

10 

7 

i 

4 

4     1 

2 

5 

4 

4 

3 

5 

1 

... 

... 

54 

XDL 

1^ 

5 
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5 
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4 

2 

9 

7 

6 
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65 
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27 

18 

9 

11 
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5 

12 

8 

13 

13 

13 

1 

2 

12 
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Summer 
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54 

80 

25 

39 

Table  XXII.— 

Earthquakes 

of  the  Northern  Zone  of  Asia. 

0 

Century. 

Earthquakes  with  date  of  Day  or  Month. 

With  Season 
only. 

Total. 
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1 

1 

1 
o 
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1 
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fl 
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4 
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Spring 
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Tablk  XXIII. — Earthquakes  of  the  Northern  Zone  of  Europe  and  of 

Asia  together. 


Centmy. 

Earthquakes  with  date  of  Day  or  Month. 

With  Season 
only. 
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2 
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4 
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6 
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8 
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86 

XIX 

16 

11 

10 
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11 
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Total    ... 
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30 

17 
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11 

21 

16 

18 

18 

21 
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2 

19 

253 
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Spring 
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81 

44 

48 
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Table  XJQV. — General  Result  as  to  Mensual  Relative  Frequency  of 

Earthquakes. 


Regiom. 


t 


s 


I 


Europe  (the  whole) ... 
France  and  Belgium... 

Italy  and  SaToy   

Baain  of  the  Rhone ... 
Basin  of  the  Danube.. 

Scandinavia 

Europe,  Northern  Zone 
Asia,  Northern  Zone... 
Both  Zones  united 


1-36 
152 
116 
1-69 
1-38 
1-85 
219 
1-04 

1-78; 


Ml 
117 
113 
1-31 
1-38 
112 
1-46 
1-78 


107 
0971 

1-27 
106^ 
0-62; 
118 
0-73 
119 


1-67  0-89 


0-95 
1-01 
105 
066 
0-71 
0-75 
0-89 
0-74 
0-84 


0-85 
0-77 
0-96 
0-71 
Ml 
0-90 
105 
0-74 
0-94 


0-81 
0-66 
0-96 
0-71 
0-84 


0-87  0-95 
0-86  0-73 
0-94  0-94 
0  59  0-59 
116 


0^89  1-02 
0-91  0-88 


0-56  0-95 
0-49  0-43 
044 
0-47 


Ml 

0-73 

0-98 

0-89  1-33 

0-58;  MO 


0-76 
1-24 
0-71 
101 
0-66 
M9 
0-84 


0*93  1*21 
1-09, 1-43 
0-76  0-94 


113 
098 
102, 0-80  M6 


I  0-92 


0-96 
105 
074 
09i' 


106 
1-05 


1-67 


0-95 
105 


0-74  1  19 
0-94  MO 


34-32 
7-02 

10-83 
1-91 
318 
2-52 
1-63 
•80 
2*52 


Table  XXV. — Result  as  to  Relative  Frequency  in  Season. 


Region. 

Winter. 

Spring. 

Summer. 

Autumn. 

Europe  (the  whole)  ... 
France  and  Belgium ... 
ItalT  and  Savov. ........ 

118 
1-22 
119 
1-35 
113 
1-38 
1-49 
1-33 
1-41 

0-87 
0-81 
0-99 
0-69 
0-89 
0-73 
081 
0-67 
0-76 

0-90 
0*83 
0-88 
0-81 
0-99 
0-90 
0*69 
M8 
0-84 

105 
113 
0-94 
M6 
0-99 
0-99 
1-05 
0-89 
0*99 

Basin  of  the  Rhone  ... 
Basin  of  the  Danube... 
Scandinavia    

Europe,  Northern  Zone 
Asia,  Northern  Zone... 
Both  Zones  united    ... 
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Tablb  XXVI. — Result  as  to  Relative  Frequency  at  the  Equinoxes  and 

Solstices. 


Region. 

Winter 
Solstice. 

Spring 
Equinox. 

Summer 
Solstice. 

Autumnal 
Equinox. 

Europe  (the  whole)  .*. 
Fnnce  and  Belgium ... 

Italy  and  Satoy 

Basin  of  the  Rhone  ... 

Batin  of  Danube   

ScandinaTia   *. 

1-26 
1*43 
1-02 
1-53 
1-33 
1-36 
1-74 
1-20 
1-48 

0-99 
0-96 
113 
0-81 
0-70 
0-94 
0-87 
1-04 

0-82 
0-73 
0-93 
0-61 
1-06 
0-74 
0-48 
0-72 
0-68 

0*93 
0-87 
0-92 
1-05 
0-91 
0-96 
0-91 
104 
0-98 

Europe,  Northern  Zone 
Asia,  Northern  Zone... 
Both  Zones  iinited    ... 

T'ablb  XXVII. — Result  as  to  Relatire  Directions  of  Horisontal 
Component  of  Shoclc. 


^ 

^ 

M 

^ 

CO 

^ 

1^ 

^fH 
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09 
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Region. 

S 

B 

B 

a 

s 

S 

B 

B 

» 

i 

H 

^ 

« 

i 

^ 

^ 

» 

H 

Europe  (the  whole)  ... 

1-67 

0*65 

1*65 

0*67 

112 

0*88 

0*88 

0-60 

464 

France  and  Belgium ... 

1-60 

0*43 

1*88 

0-59 

1*02,  0*96;  0*91|  0-69 

149 

Italy  and  Savoy 

1*09 

0*91 

2*26 

0*91 

109  0*51  0-87  0-29 

110 

Basin  of  th«  Rhone  ... 

1*30 

0*87 

1-80 

0*66 

1*88!  112  M2|  0*87 

48 

Basin  of  the  Danube... 

1*83 

0*60 

1*33 

0*00 

M7i  100  1*83  0-83 

48 

Scandinavia 

0*73 

1*09 

0*73 

109 

109  1*45  1*09  0-73 
207  000, 1*98  0-59 

22 

Europe,  Northern  Zone 

119 

0*60 

1*48 

0*30 

27 

Asia,  Northern  Zone... 

2*35 

l-SSi 

0*94 

0*47 

0*47  0*94  0*00  0*94 

17 

Both  Zones  united    ... 

1*64 

1*09  1*27 

0-36 

0-43' 0*86  109  0*78 

44 

Tablb  XXVIII Result  as  to  Comparative  General  Resultant  HoriEontel 

Direction  and  Intensity. 


Region. 

Resultant  Horizontal 
Direction. 

Intensity  of 
Resultant. 

Europe  (the  whole)  » 

France  and  Behrium 

E.33°42'N. 
N.  71°  27'  E. 
S.  85**51'E. 
S.    9°44'W. 
W.  2°  39'  N. 
S.  22^  30'  W. 
S.  17°45'W. 
N.23°48'E. 
N.23°55'B. 
8.39''    5'W. 
E.81'»56'S. 
S.    7°    9'E. 
N.34°37'W. 
N.31°54'W. 
E.22°   5'B. 

0-61 
0*56 
215 
1*23 
066 
0*94 
0-23 
314 
1*06 

? 

? 

? 

? 

? 

2 

Italy  and  Savoy 

Basin  of  the  Rhone  

Basin  of  the  Danube 

Scandinavia   

Europe,  Northern  Zone    

Asia,  Northern  Zone. 

Both  Zones  united    

British  Islands  

Spanish  Peninsula i 

Basin  of  the  Rhine    

Turco-HcUenic  Territory 

Mexico  and  Central  America   ... 
TheAntiOet  , 
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There  remains  to  be  noticed,  of  M.  Perrey's  labours,  his  discussion  of  the 
periodicity  of  the  earthquakes  of  his  annual  catalogues  for  IS^^,  1845, 
1846,  and  1847,  with  reference  to  the  phases  of  the  moon's  motions,  published 
in  '  M6m.  de  1' Academic  des  Sciences  de  Dijon,'  1848,  1849,  part  des 
Sciences,  p.  105,  &c.,  and  also  presented  to  the  Institute  of  France  at  a 
later  period. 

The  result  he  arrives  at,  as  respects  these  four  years,  is,  that  the  number  of 
earthquakes  occurring  at  the  Perigees  (when  the  tides  are  highest  and 
lowest)  are,  to  those  occurring  at  the  Apogees,  as  47  :  39, — a  conclusion 
which,  independently  of  the  assumptions  by  which  it  is;  arrived  at,  must  be 
as  yet  accepted  with  caution  upon  so  narrow  a  base  of  induction,  although 
possessing  more  than  enough  probability^  from  physical  considerations,  to 
induce  further  inquiry. 

The  Academy  of  Sciences  (Paris)  appointed  a  commission  to  report  upon 
M.  Perrey's  communication ;  and  the  following  translation  of  its  report 
('Comptes  Rendus/  tom.  xxxviii.  12  Juin,  1854)  will  give  a  tolerably  dear 
notion  of  his  views^  which  here  rest  upon  a  larger  base  than  in  his  Memoir 
as  first  published : — 

'*  The  Academy  has  commissioned  us,  MM.  Liouville,  Lam6,  and  myself,  to 
draw  up  a  report  on  a  paper  presented  by  M.  Alexis  Perrey,  Professor  in  the 
Faculty  of  Sciences  at  Dijon,  on  the  21st  March  1853,  '  On  the  Connexion 
which  may  exist  between  the  occurrence  of  Earthquakes  and  the  Moon's 
Age,'  and  on  a  note  also  presented  by  him  on  the  2nd  January  last,  ^  On 
the  occurrence  of  Earthquakes  in  connexion  with  the  Moon's  passing  over 
the  Meridian.' 

"  At  the  time  of  the  presentation  of  the  paper  of  March  1853,  M,  Arago 
had  been  appointed  a  member  of  the  commission.  The  lamented  death  of 
our  illustrious  associate,  since  that  date,  left  a  vacant  place  in  our  commis- 
sion ;  and  before  the  presentation  of  the  note  of  the  2nd  January  1854,  M. 
Lam6  was  appointed  to  it. 

^<  M.Arago,  whose  attention  nothing  escaped  which  relates  to  the  physics  of 
the  globe,  pursued  with  sustained  interest  the  researches  of  M.  Alexis  Perrey. 
The  Academy  has  not  forgotten  the  care  which  he  constantly  took  to  draw 
its  attention  to  the  notes  which  the  learned  Professor  at  Dijon  addressed  to 
him  from  time  to  time  within  the  last  few  years,  in  consequence  of  the  in- 
quiries he  was  engaged  in  on  the  subject  of  earthquakes.  M.  Arago  made 
particular  mention,  at  several  meetings,  of  the  connexion  which  the  author 
had  already  traced  between  the  occurrence  of  earthquakes  and  the  moon's 
age. 

<<  The  cause  of  the  interest  which  belongs  to  this  subject  is  easily  explained. 
If,  as  is  generally  believed  in  the  present  day,  the  interior  of  the  earth  is, 
owing  to  its  high  temperature,  in  a  liquid  or  melted  state,  and  if  the  globe 
has  but  a  comparatively  thin  solid  crust,  the  interior,  being  deprived  of 
solidity,  is  compelled  to  yield,  like  the  superficial  mass  of  the  ocean  waters, 
to  the  attractive  force  exercised  by  the  sun  and  moon,  and  it  acquires  a 
tendency  to  swell  out  in  the  direction  of  the  rays  of  these  two  bodies ;  but 
this  tendency  meets  with  a  resistance  in  the  rigidity  of  the  solid  crust,  which 
occasions  shocks  and  fractures  of  the  latter.  The  intensity  of  this  force 
varies,  like  the  tides,  according  to  the  relative  position  of  the  sun  and  moon, 
and  consequently  according  to  the  moon's  age ;  and  we  must  also  observe 
that  as  the  tides  ebb  and  now  twice  in  the  course  of  a  lunar  day,  at  those 
hours  which  agree  with  the  passing  of  the  moon  over  the  meridian,  so  the 
direction  of  the  attraction  exercised  upon  a  point  of  the  interior  globe  must 
change  twice  a  day>  according  as  the  point  recedes  or  approaches  the 
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meridian,  the  plane  of  which  passes  through  the  centre  of  the  moon.  With* 
oot  entering  into  longer  details,  we  can  easily  conceive  that,  if  the  fusion  of 
the  interior  mass  of  the  globe  plays  a  part  among  the  causes  of  earthquakes, 
then  its  influence  may  become  evident  by  a  necessary  connexion,  capable  of 
observatioD,  between  the  occurrence  of  earthquakes  and  the  circumstances 
which  modify  the  moon's  action  upon  the  entire  globe,  or  upon  a  portion  of 
it,  namely,  its  angular  distance  from  the  sun,  its  real  distance  from  the  earth, 
ind  its  angular  distance  from  the  meridian  of  the  place,  or,  in  other  words, 
the  moon's  age,  the  time  of  perihelion,  and  the  hour  of  the  lunar  day. 

"  These  considerations,  which  occurred  to  M.  A.  Perrey,  doubtless  in- 
spired him  with  the  idea  of  the  two  works  which  we  have  been  commis- 
sioned to  examine,  at  the  same  time  that  they  assisted  in  attracting  the 
interest  of  M.  Arago  and  many  other  learned  men  to  the  results  which  he 
obtained ;  but  they  also  suggest  that  the  essential  object  of  the  inquiries  on 
which  we  are  commissioned  to  report  ought  to  be,  to  ascertain  the  precise 
date,  according  to  the  lunar  day  and  month,  of  every  earthquake  the 
record  of  which  history  has  preserved,  and  even  of  each  of  the  shocks 
of  which  these  earthquakes  consisted.  We  can  easily  imagine  the  immense 
toil  which  such  a  research  would  demand,  and  understand  that  M.  Alexis 
Perrey  having  already  devoted  several  years  to  it  without  bringing  it  to  a 
termination,  has  yet  been  enabled  at  different  intervals  to  obtain  such  par- 
tial results  as  M.  Arago  deemed  worthy  of  the  encouragement  and  attention 
of  the  Academy ;  and  that  the  learned  Professor  at  Dijon  is  impatient,  before 
encountering  the  labours  of  still  more  years,  to  learn  whether  the  Academy 
approves  of  the  course  which  he  has  hitherto  pursued.  The  necessity  the 
author  feels  for  the  support  and  direction  of  the  Academy  explains  why  he 
has,  upon  several  occasions,  submitted  to  it  results  which  naturally  could 
not  be  complete,  and  which  are  not  entirely  so  even  in  the  paper  and  note 
which  we  are  commissioned  to  examine.  In  the  paper  presented  on  the 
21st  March  1853,  '  On  the  Connexion  which  may  exist  between  the  occur- 
rence of  Earthquakes  and  the  Moon's  Age,'  the  author  has  devoted  the  first 
chapter  to  the  calculation  and  numerical  changes  of  the  rough  results  of 
observation. 

^  He  has  supposed  four  possible  methods  of  calculation.  In  the  first, 
already  followed  in  the  memoir  presented  to  the  Academy  May  5,  1847, 
the  author  considers  as  a  day  of  an  earthquake  each  day  upon  which  a 
shock  has  been  felt,  whether  in  a  single  country,  or  in  two  or  more  coun- 
tries at  the  same  or  at  different  hours,  separated  from  each  other  by  spaces 
in  which  the  motion  was  not  experienced.  Then  noting,  according  to  the 
knowledge  of  the  period,  to  which  day  of  lunation  each  day  of  earthquake 
corresponded,  he  arranges  all  the  days  which  belong  to  the  first  day  of 
lunation,  then  all  those  which  correspond  to  the  second  day,  the  third,  the 
fourth,  &c. ;  and  he  constructs  a  table  composed  of  thirty  lines,  each  line 
indicating  the  number  of  earthquakes  which  belong  to  the  corresponding  day 
of  lunation.  Now  these  numbers  vary  one  day  with  another,  and  they  vary 
nearly  in  accordance  with  the  same  law,  both  in  a  table  comprising  a  total 
of  2735  days  of  earthquake,  the  result  of  researches  carried  on  during  the 
years  from  1801  to  1845,  drawn  up  by  the  author  and  presented  to  the 
Academy  May  5th,  1847;  and  in  a  new  table  containing  a  total  of  5388 
days  of  earthquake,  embracing  the  result  of  extensive  researches  carried  on 
from  1801  to  1850. 

"  In  both  tables  the  number  of  earthquakes  corresponding  to  the  days 
close  to  the  Syzygies,  is  generally  a  little  more  considerable  than  that  which 
corresponds  with  the  days  close  to  the  Quadratures.    In  the  second  method 
1858.  D 
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of  calculation, the  author  regards  earthquakes  experienced  in  different  regions, 
separated  by  regions  where  the  shock  is  not  perceptible,  as  distinct  one  from 
the  other,  and  reckons  as  an  earthquake  every  percussion  felt  in  a  separated 
region.  This  new  method  of  calculation  increases  the  number  of  earth- 
quakes in  the  1st  table  from  27S5  to  304«1,  and  in  the  2nd  table  from 
5388  to  6596.  The  same  law  is  again  apparent  in  these  two  new  tables, 
and  also  in  the  four  other  tables  which  the  author  forms  by  dividing  the 
half  century  between  1800  and  1850  into  two  intervals,  each  of  a  quarter 
of  a  century,  and  by  successively  applying  the  first  and  second  methods 
of  calculation  to  the  earthquakes  of  these  two  intervals. 

<'In  the  third  method  of  computation,  M.  Alexis  Perrey  regards  every  shock 
of  which  an  earthquake  is  composed  as  a  distinct  phenomenon,  and  registers 
it  separately ;  but  he  does  not  possess  the  documents  necessary  for  this  plan, 
because  the  number  of  shocks  in  each  earthquake  has  not  been  accurately 
noted.  The  author  has  hitherto  contented  himself  with  considering  in  this 
manner  the  Table  of  931  shocks  felt  in  South  America,  chiefly  in  Arequipa, 
published  by  M.  Castelnau  in  the  5th  volume  of  hb  *  Journey  through  the 
Central  Regions  of  South  America.'  This  table,  without  leading  to  results 
identical  with  those  furnished  by  the  other  two  methods,  exhibits  the  fun* 
damental  relation  already  manifested.  Lastly,  in  the  fourth  method  of 
computation,  the  application  of  which  would  often  be  very  difficult,  and 
which  has  not  yet  been  attempted  by  M.  Alexis  Perrey,  we  are  to  con* 
sider  as  an  unique  phenomenon  the  number  of  shocks  consecutively  felt  in 
the  same  country  during  an  interval  preceded  and  followed  in  the  same 
country  by  periods  of  tranquillity. 

*'  To  the  nine  tables  formed  by  one  or  other  of  the  three  first  methods  of 
computation  the  author  has  added  a  tenth,  formed  by  Uie  first  method. 
This  only  embraces  four  years,  from  1841  to  1845,  and  contains  but  4^ 
days  of  earthquakes.  In  spite  of  this  comparatively  limited  number,  the 
proportion  of  the  figures  appears  the  same.  In  all  these  tables  we  observe 
%  marked  preponderance  in  the  number  of  earthquakes  which  take  place 
upon  di^s  close  to  the  Syzygies,  over  those  which  occur  at  the  Quadra* 
tures.  However,  it  is  but  a  general  law  which  can  be  observed  in  the  state** 
ment  of  figures  of  which  the  tables  are  composed ;  and  there  are  numerous 
exceptions.  In  order  to  weaken  the  force  of  these  anomalies,  and  more 
clearly  to  exhibit  the  fundamental  law,  M.  Alexis  Perrey  divides  the  29j\ 
53 1.  of  which  the  lunation  is  composed,  into  12ths,  16ths,  8ths, — and  forms, 
by  proportionate  calculations  applied  to  the  ciphers  of  his  different  tables 
constructed  on  the  solar  days,  the  numbers  which  correspond  to  each  frac- 
tion of  lunation;  he  displays  in  all  these  new  tables  (excepting  some 
anomalies  of  detail)  the  law  of  the  predominance  of  earthquakes  at  the 
Syzygies,  and  thus  confirms  more  and  more  his  conclusion,  that,  for  half  a 
century,  earthquakes  have  been  more  frequent  at  the  Syzygies  than  at  the 
Quadratures,  M.  Alexis  Perrey  has  also  studied,  in  the  more  or  leas  exten- 
sive registers  which  assisted  him  to  draw  up  his  different  Tables,  the  ques* 
tion,  whether  there  exi:its  any  connexion  between  the  occurrence  of  earth- 
quakes and  the  variable  distance  of  the  moon  from  the  earth  in  traversing 
the  different  portions  of  her  elliptical  orbiL  For  this  purpose  he  has  cal- 
culated in  each  of  his  registers,  and  according  to  the  different  modes  of 
computation  employed  to  draw  up  the  above-mentioned  tables,  how  often 
earthquakes  have  occurred  two  days  before  and  after,  and  upon  the  day  of 
the  moon's  perigee  and  apogee ;  and  be  has  shown,  in  the  numbers  thus  ob* 
tained,  that  the  total  corresponding  to  the  perigee,  in  which  the  moon  is 
nearest  the  earth,  is  greater  than  that  corresponding  to  the  apogee^  in  which 
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•JieiBAft  bergreaftertdiateMe:  tkea,  in  order  to  conpftre  Uie  results,  be  lias 
taken  the  difierence  of  tbe  totab  tiias  obcained  and  dirided  it  bj  their  sam, 

which  has^Ten  him  the  qnotieiits  ,ti*  ^  iTT  ilT  I^*  iR'  T^j'  ^*»ch  are 

all  gremter  than  ^  and  the  last  almost  equal  to  ^- 

"  The  apparent  reralt  Dpsm  thk  i%  that  the  difference  between  the  aneqoal 
attractioo  exercbed  bj  the  moon  at  her  greatest  and  nearest  distance  has  a 
sensible  infloaioe  ar&  the  ooearreoce  of  earthquakes.  Id  the  note  on  the 
^oocurrence  of  Earthquakes  in  connexion  with  the  passiDg  of  the  Moon 
over  tbe  Meridian,'  which  he  presented  to  the  Academj  January  %  1854s 
M.  Alexis  Perrej  djaeoiscs  the  questioo,  whether  the  division  of  the  shocks 
of  earthquake  during  a  lunar  daj  is,  like  the  tides,  connected  with  the 
passa^  of  the  moon  over  tbe  superior  and  inferior  meridian.  For  this 
method  of  investigation  he  could  onlj  avail  himself  of  the  824  shocks  felt  at 
Arequipa,  which  are  registered  with  day  and  hour  in  the  above-mentioned 
table  of  AL  de  Casteloau.  By  means  of  proportional  calculations,  which 
must  have  occupied  a  considerable  time,  he  has  calculated  to  which  hour 
afler  tbe  passage  of  the  moon  over  tbe  meridian,  each  of  these  shocks  cor* 
responds.  He  thus  formed  a  1st  table  (which  he  afterwards  changed  by 
dividing  it  into  sixteen  equal  portions,  grouped  side  by  side,  to  form  eighths^ 
containing  the  24  hours  50  minutes  and  a  half  of  which  a  lunar  day  gene« 
rally  consists. 

"  By  these  two  methods  ^notwithstanding  some  marked  anomalies  which 
could  not  but  exbt  in  so  limited  a  number  of  facts  as  824),  the  results 
obtained  in  both  arrangements  manifest  the  existence,  in  the  length  of  a  lunar 
day,  of  two  periods  of  maximum  for  the  occurrence  of  shocks,  and  two  of 
minumaiu  The  two  periods  of  maximum  occur  at  the  hours  of  the  passing 
of  the  moon  over  the  superior  and  inferior  meridians ;  and  the  periods  of 
minimum  fall  about  the  middle  of  tbe  intervals. 

**  M.  Alexis  Perrey  has  thus  succeeded,  by  the  simple  analysis  of  cataloguss 
which  he  had  previously  drawn  up,  in  proving,  by  three  different  and  inde* 
pendent  methods,  the  influence  which  the  moon  possesses  in  the  production 
of  earthquakes : — 

"  1st.  That  earthquakes  occur  more  frequently  at  the  Syzygies. 

"  2nd.  That  their  frequency  increases  at  the  Perigee,  and  diminbhss  at 
the  Apogee  of  the  moon. 

^*  3rd.  That  the  shocks  of  earthquake  are  more  frequent  when  the  moon 
is  near  the  meridian  than  when  she  is  90  degrees  away  from  it. 

"  But  the  numerical  tables  from  which  these  three  propositions  are  derived^ 
present  some  anomalies ;  and  the  author  has  omitted  nothing  to  endeavouc  to 
account  for  them,  and  to  prove  the  law  which  is  revealed  at  their  first  in* 
spection.  He  first  conceived  the  idea  of  constructing  graphically  the  num- 
bers contained  in  the  tables,  so  as  to  obtain  by  the  usual  method  a  poly* 
gonal  line  analogous  to  those  by  which  barometrical  observations  are  usually 
represented,  in  which  the  eye  catches  at  once  the  general  course  of  pheno* 
mena  in  the  midst  of  anomalies  which  tend  to  conceal  it.  We  are  tempted 
to  regret  that  he  has  not  further  developed  this  graphical  part  of  his  worki 
which  would  have  bad  the  great  advantage  of  displaying  at  a  glance  the 
direct  result  of  his  researches ;  and  that  he  has  not  even  annexed  to  his  me« 
moir  any  of  the  lines  which  he  constructed.  But  M.  Alexis  Perrey  con- 
sidered that  he  would  obtain  still  more  certain  results  by  employing  calcu- 
lation ;  and  to  this  arduous  task  he  devoted  the  2nd  Chapter  of  his  principal 
paper,  and  the  Second  Part  of  his  note  of  the  2nd  January,  1884.  It  would 
be  difficult  for  us  to  follow  the  author  step  by  step  in  these  analytical  discu*' 
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sions ;  we  will  restrict  ouMelves  to  the  observation,  that,  in  order  to  repre- 
sent the  result  of  his  work,  he  has  employed  a  formula  of  interpolation  of 
this  kind : — 

«^=M-f- A  sin  (<+a)  +  Bsin  (2*+/3)+C  sin  (3/+y)+  . . .,  in  which M, 
A,  B,  C,  &c.  are  always  coefficients  of  the  same  nature  as  ^  ;  a,  /3,  y,  &c^ 
are  always  angles,  and  t  a  variable  angle  dependent  on  the  lunar  motion,  which 
will  be  equal  to  0  degree  for  the  new  moon,  to  90  degrees  for  the  first 
quarter,  to  180  degrees  for  the  full  moon,  &c.  He  then  adapts  this  for- 
mula to  the  numerical  tables  deduced  from  observation,  and  determines  the 
particular  truths  which  it  contains.  By  means  of  the  formula  thus  ob- 
tained,  the  author  was  enabled  to  draw  up  numerical  tables  corresponding 
to  those  deduced  from  observation  alone,  and  in  which  the  law  of  the  phe- 
nomena appears  disconnected  from  the  principal  anomalies  which  tended  to 
obscure  it  in  the  first  tables.  The  numbers  contained  in  these  new  tables 
are  carefully  arranged,  and  form  regular  curved  lines,  in  which  the  law  is 
clearly  manifest  These  curves  have  a  marked  resemblance  to  each  other, 
although  they  are  not  entirely  alike — which  could  not  be,  for  they  are  only 
approximative— and  each  bears  the  stamp  of  the  group  of  figures  which  it 
represents.  The  resemblance  of  these  curves  is  essentially  increased  by  the 
fact  that  each  presents  two  principal  maxima  corresponding  to  the  Syzygies, 
and  two  principal  minima  corresponding  to  the  Quadratures.  We  are  thus 
brought  back  to  the  conclusion  so  evident  by  M.  A.  Perrey's  toil, — that,  for 
half  a  century,  earthquakes  have  been  more  frequent  at  the  Syzygies  than  at 
the  Quadratures. 

'^The  Academy  fully  conceives  the  importance  of  this  conclusion,  and 
appreciates  the  labour  the  author  has  taken  to  collect  nearly  7000  observa- 
tions on  the  first  half  of  this  century.  This  number,  however,  is  very  small 
for  the  solution  of  a  question  of  this  nature ;  and  it  is  very  desirable  to  have 
it  increased,  either  by  collecting  all  future  observations  from  year  to  year, 
or  by  going  back  to  past  centuries,  as  the  author  has  already  commenced 
doing." 

These  views  of  Perrey  have  found  support  in  the  opinions  enunciated 
by  M.  Zantedeschi  as  to  the  probable  existence  of  a  terrestrial  as  well  as 
an  oceanic  tide,  one  in  which  the  solid  mass  of  the  earth's  crust,  and  the 
liquid  or  semiliquid  nucleus  beneath  (if  indeed  it  exist  in  any  such  state)  is 
supposed  to  be  an  ellipsoid,  with  a  major  axis  perpetually  following  the  move- 
ments of  the  moon  and  sun.  To  what  extent  such  a  change  of  form  is  possible 
in  the  solid  material  of  our  planet  under  the  constraint  of  the  same  forces  that 
produce  the  oceanic  tides  (and  whose  elevations  must  in  so  far  act  against 
such  change  of  form),  it  is  for  physical  astronomy  to  determine.  But  even 
if  its  existence  be  admitted,  and  the  change  of  level  of  a  given  point  on  the 
earth's  surface  were  proved  to  amount  to  many  feet — to  far  more,  in  fact, 
than  the  total  elevation  of  the  greatest  ocean  tide- wave,  it  is  difiicult  to  con- 
ceive how  it  even  then  could  be  a  direct  or  immediate  cause  of  earthquakes. 
Such  change  of  form  would  be  probably  quite  insignificant  as  compared 
with  the  earth's  total  mass ;  so  that  the  flexures  or  changes  of  form  produced 
by  it  in  the  solid  crust  would  probably  be  far  within  the  elastic  limits  of  its 
materials,  and,  hence,  the  occurrence  of  fractures  or  dislocations  due  to  such 
a  train  of  causes  impossible. 

If  it  ultimately  prove  a  fact  that  there  is  a  real  relation  in  epoch  between 
earthquakes  and  the  ocean  tides,  or  the  moon's  and  sun's  position  in  respect 
to  the  earth,  the  phenomena  will  probably  be  found  in  relation,  only  through 
the  intervention  of  changes  in  terrestrial  temperature^  or  in  the  great  circu- 
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ktions  upon  or  within  our  planet,  of  itd  electrical,  or  magnetic,  or  thermic 
currents,  or  the  conversion  of  these  into  each  other  reciprocally,  and  not  to 
the  direct  action  of  the  variable  attractive  forces  of  our  primary  and  our 
satellite.  To  some  such  conversions  of  force  into  heat,  developed  at  local 
foci,  it  would  appear  much  more  probable  that  all  volcanic  phenomena  are 
due,  than  to  a  universal  ocean  of  incandescent  and  molten  lava  beneath  our 
feet,  with  a  thin  crust  of  solid  matter  covering  it,  the  present  or  historical 
existence  of  which  is  not  only  not  proven,  but  for  which  no  argument  of 
weighty  probability  has  been,  as  I  conceive,  advanced. 

In  the  present  state  of  our  knowledge  of  the  obscure  relations  between 
the  internal  mass  and  actions  of  our  planet  with  the  cosmical  forces  that 
act  upon  it  both  within  our  own  atmosphere  and  from  the  abysses  of 
space  beyond,  and  in  our  comparative  ignorance  even  of  the  terrestrial 
phenomena  themselves,  no  speculation,  however  hazardous  or  hardy,  that 
is  based  upon  a  natural  hypothesis,  need  be  regretted :  such  views  in  the 
beginning  of  every  separate  road  of  inductive  science  are  eminently  sug- 
gestive, and,  although  in  themselves  false,  may  point  towards  truth.  It  is  only 
in  this  aspect  that  a  memoir  by  Dr.  C.  F.  Winslow,  M.D.,  *  On  the  Causes 
of  Tides,  Earthquakes,  Rising  of  Continents,  and  Variations  of  Magnetic 
Force,'  requires  notice.  The  communication  appears  to  have  been  made  to 
the  Academy  of  Sciences  of  San  Francisco,  California,  by  the  author,  in  1854* 
or  1855.  I  have  met  with  it  only  through  a  printed  copy,  for  which  I  believe 
I  am  indebted  to  the  author. 

That  our  satellite  does  actually  influence  the  magnet  directly,  has  been 
discovered  by  Herr  Kreil,  of  the  Vienna  Royal  Observatory  (see  *Phil. 
Trans.,'  1857>  and  *Proe.  Roy.  Soc.,'  vol.  vii.  pp.  67-75).  General  Sabine, 
in  the  introduction  to  vol.  iii.  of '  Magnetic  and  Meteoric  Observations  made 
at  Toronto,'  p.  9,  states — "  The  decennial  solar  period  of  ten  or  eleven  years, 
in  connexion  with  the  solar  spots,  proved  to  connect  itself  with  the  magnet- 
ism of  the  earth,  but  not  with  other  cosmical  phenomena"  (see  *  Phil.  Trans. 
185%'  Art  Vlll.) ;  that  is  to  say,  I  presume,  not  with  such  cosmical  phe- 
nomena as  have  bad  their  laws  already  ascertained.  Again  (p.  xi.),  the 
author  adds — <*  The  solar  diurnal  variation  appears  to  be  wholly  irrecon- 
cilable with  the  hypothesis  which  attributes  the  magnetic  variation  to 
thermic  causation." 

We  find,  then,  that  both  sun  and  moon  influence,  with  other  and  more 
occult  forces  than  those  that  address  sense  and  eye,  our  planet,  and  that  these 
all  incessantly  modify  the  conditions  and  relations  (mutual  and  to  things  on 
the  surface)  of  every  grain  of  matter  in  the  inmost  recesses  of  its  nucleus. 
While  every  cosmical  force  is  thus,  as  soon  as  its  laws  are  discovered,  found 
to  be  correlated  to  every  other,  all  mutually  convertible,  and  capable  of 
disappearing  and  reappearing  **  by  measure,  number,  and  weight,"  as  mere 
brute  power  or  mechanical  force,  it  is  not  too  much,  at  least,  to  affirm 
the  advancing  probability,  that  a  distinctly  (though  irregularly)  periodic 
phenomenon,  such  as  earthquakes,  will  be  found  intimately  related  to  them, 
possibly  with  no  very  long  or  intricate  intermediate  chain  of  causation. 

As  regards  the  periodicity,  &c.,  of  those  solar  spots  which  admit  of  con« 
sideration  in  relation  to  the  two  paroxysmal  maxima  and  two  minima  in  each 
century  (noticed  hereafter),  Humboldt  may  be  referred  to  (*  Cosmos, '  vol. 
iii.  p.  291).  iSchwabe  of  Dessau,  whose  works  the  illustrious  author  quotes, 
observed  the  solar  spots  from  1826,  and,  during  the  whole  period,  found  three 
maxima  (average  number  300,)  and  two  minima  (average  number  38,)  the 
period  being  about  ten  years,  or  the  tenth  part  of  a  century.  Wolf  of  Berne 
(<  Comptes  Rendosy'  voL  xxx.)  considers  the  period  of  the  minima  as  de- 
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finite,  but  that  the  maximum  varies,  being  on  an  average  five  years  after  the 
minimum,  and  that  nine  minimum  periods  exactly  make  up  each  century ; 
adding,  that  all  the  notable  apparitions  of  solar  spots  on  record  agree  with 
this  rule.  Other  papers  on  this  subject  will  be  found,  with  details  in  the 
«Ast.  Nach.*  and  *  Pogg.  Ann.,*  from  1850;  and  in  *  Silliman's  Journal,' 
vol.  XXV.,  some  remarks  of  Reichenbach  are  worthy  of  attention*  He  ob- 
serves that  the  period  of  Jupiter  is  ir86  years,  and  that  there  are  certain 
coincidences  between  the  planet's  periodic  returns  and  those  of  the  solar 
spots, — adding  that  their  conjoint  magnetic  effects  upon  our  planet,  in  rela- 
tion to  the  magnetic  periods  above  referred  to,  cannot  but  be  great  See  also 
'  Gilbert's  Annalen,'  vols.  xv.  and  xxi.,  for  Ritter's  memoirs  on  the  sul^ect ; 
and  <<  Hansteen  on  the  Relations  between  Earthquakes  and  the  Aurora>"  in 
'  Bull,  de  FAcad.  de  Bruxelles,'  1854,  t.  xxi. 

I  am  myself  indebted  to  my  friend  Dr.  Robinson,  Astronomer  Royal, 
Armagh,  for  much  of  my  information  upon  the  subject,  which  connects 
itself  with  our  own  in  relation  to  the  preceding  reflections,  and  through  the 
singular  point  of  coincidence  as  to  periodic  recurrences  in  both — the  one 
presenting  traces  of  being  in  time  a  submultiple  of  the  other.  But  at  present 
this  must  all  be  taken  for  what  it  is  worth,  and  no  more* 

It  may  be  suitable  to  remark  here,  that  the  movements  of  the  inclination 
magnetometer  as  well  as  of  the  barometric  column,  of  which  several  have 
been  of  late  years  recorded  as  occurring  at  the  time  of  earthquakes,  are 
most  probably  merely  mechanical  and  due  to  the  shock  movements  direct 
This  has  been  ascertained  by  Kreil  at  Vienna,  and  Padre  Secchi  at  Rome 
(see  also  Perrey's  <Mem.  Europe  and  Africa,'  p.  11);  and  such  appears  to 
have  been  Humboldt's  view  (though  expressed  with  some  qualification) 
at  the  date  of  publication  of '  Cosmos.' 

The  following  is  a  translation  of  Zantedeschi's  expressions  of  his  own  views 
as  to  the  occurrence  of  a  terrestrial,  or  rather  terrene  Hde^  probably  better 
named,  if  it  exist,  the  elastic  tide : — 

'^  On  the  Influence  of  the  Moon  upon  Earthquakes,  and  on  the  Conse- 
quences  probably  derivable  as  to  the  Ellipsoidal  Figure  of  the  £larth  and 
the  Oscillation  of  the  Pendulum.  By  M.  b\  Zantedeschi."  Comptes  Rendus^ 
Stance  du  2  AoiU,  1854-. 

"  I  have  thought  for  a  long  time  that  the  form  of  the  earth  cannot  always 
be  the  same,  but  that  it  presents  an  incessantly  changing  elliptical  form, 
that  is  to  say,  having  a  continued  tendency  to  become  protubejrant  in  the 
directions  of  the  radii  vectores  of  the  two  luminaries  which  attract  it,  the 
sun  and  the  moon.  I  have  always  believed  that  a  direct  proof  of  it  might  be 
obtained  by  determiuing  a  point  in  the  heavens  at  the  epochs  of  the  spring 
tides,  and  at  that  of  the  Quadratures.  This  point  must  appear  lower  at  the 
epochs  of  the  high  tides  and  of  the  Syzygies.  The  Imperial  Obsiervatory  of 
Paris,  with  the  means  that  it  has  at  its  disposal,  could  prove  if  this  diflerence 
be  observable,  and  especially  now,  that,  thanks  to  the  labours  of  M.  Froment» 
dividing  has  been  made  so  exact  as  to  admit  of  measuring  with  the  greatest 
precisian  a  diflerence  of  3-^th  of  a  millimetre  between  two  consecutive 
xisihle  horizontal  lines. 

^*  I  have  always  assumed  that  a  compensation  pendulum  of  such  a  length 
that  it  exactly  beats  seconds  at  the  epoch  of  the  quadratures  and  of  the  neap 
tides,  must  beat  more  slowly  at  the  epoch  of  the  spring  tides,  from  the 
trani>it  of  the  moon  over  the  meridian  of  the  given  place,  and  at  the  epoch 
of  the  syzygies ;  and,  taking  from  this  fact  that  the  variations  of  the  force 
of  attraction  upon  the  mass  of  the  earth  are  continuous,  I  have  conclucled 
{jcom  it  the  necessity  for  astronomy  to  take  account  of  these  times  ^  and 
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htmtk  I  find  the  explanation  of  certain  leaps  of  astroDoroical  clocks  of  which 
the  learned  have  not  hitherto  been  able  to  discern  the  cause.  I  believe 
that  one  day  we  shall  have  the  equation  of  time  in  functions  of  the  varia- 
tions of  intensity  of  the  planetary  attractions,  and  of  the  regular  oscillatory 
BOTements  of  the  earth,  as  we  now  have  the  equation  of  time  in  functions 
of  the  motions  of  translation  and  of  rotation  of  the  earth  itself.  I  say  the 
regular  eacillatory  motions,  because,  as  for  the  irregular  movements,  we 
cannot  submit  them  to  rule,  and  we  are  enabled  to  account  only  for  the 
extraordinary  concomitant  phenomena  presented  by  the  atmosphere,  by  the 
earth,  and  by  certain  species  of  animals.  The  irregular  motions  which  we 
call  earthquakes,  happen  more  frequently,  it  has  been  observed,  either  at 
the  epoch  of  the  Syzygies  rather  than  at  the  epoch  of  the  Quadratures,  or 
oftener  at  the  epoch  of  spring  tides  than  at  that  of  the  neaps.  This  important 
observation  is  found  in  the  works  of  Georges  Baglivi  and  Joseph  Toaldo. 

The  first,  in  his  ^Storia  Ronmni  Terras  Motus,  anni  1703,'  says,  '^In 
singulis  lunse  aspectibus,  sen  quadraturis,  potissimum  in  plenitudine  ejusdem 
seu  totaii  <^po«tione  cum  sole,  certo  suocedebant  terrse  motus,  frequenter 
paululum  prsBcedebant  ipsos  aspect  us." — Georgii  Baglivi  Opera  Omnia^ 
Bassani,  17S7»  p.  415,  Editionis  Venetiarum,  1752,  p.  326. 

Toaldo,  speaking  generally  of  earthquakes,  says,  "  the  late  M.  Bouguer 
in  the  account  of  his  voyage  to  Peru  speaks  much  of  earthquakes,  so  fVe- 
quent  in  that  country.  He  mentions  with  doubt  the  assertion  of  a  Peru- 
vian '  savant,'  that  earthquakes  have  certain  fatal  and  marked  lines  when 
they  occur  at  low  water.  On  the  other  hand,  Chauvalon,  in  his  voyage  to 
Martinique,  notes  particularly  the  earthquakes  which  took  place  at  the 
time  of  high  water ;  and  the  earthquake  which  destroyed  Lima  on  the  28th 
of  October,  1746,  occurred  at  three  o'clock  in  the  morning,  at  the  instant  of 
high  water  (ora  della  prima  acqua).  Thus  we  remark  in  other  countries 
tiiat  these  phenomena  may  themselves  depend  on  the  cosmical  causes  of  the 
action  of  the  sun,  and  especially  of  the  moon."  (Giuseppe  Toaldo,  *  Della 
Vera  Influenza  degli  Astri,  etc.,  Saggio  Meteorologico,'  Padova,  1770> 
p.  190.)  I  hope  that  the  Academy  of  Sciences  will  well  receive  these  do- 
cuments and  these  ideas,  which  tend  to  augment  the  merit  and  the  value 
of  the  very  important  studies  of  M.  Perrey. 

Edmonds,  also,  has  endeavoured  to  show  that  many  formidable  earth- 
quakes are  found  to  have  occurred  the  day  after  the  moon  is  in  her  first 
quarter  (' Joum.  Poly  tec  Spc  Cornwall,'  Note  158  ;  Sabine's  '  Cosmos'). 


Before  dbmissing  the  subject  of  other  earthquake  catalogues,  the  follow- 
ing  labour  as  to  Indian  earthquakes  should  be  noticed.  In  the  'Journal  of 
the  Royal  Asiatic  Society/  vol.  xii.  n.  s.,  for  1843,  Lieut.  R.  Baird  Smith, 
B.E.,  made  one  of  the  most  extensive  contributions  to  our  slender  stock  of 
oriental  earthquake  annals.  He  divides  India  into  nine  earthquake  tracts, 
partly  on  physical  grounds,  partly  arbitrarily,  viz. — 

1.  Central  Himalaya; 

2.  Lateral  Himalaya,  including — 

a.  Cabul, 

b.  Jellallabad, 
c  Cashmere, 
d,  Nepaul, 

sw  Assam; 

3.  The  Solymaun  Mountains, 
4*.  The  Aromlli  Mountains, 
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5.  Delta  of  the  Indus, 

6.  The  Vindhya  Mountains, 

7.  Delta  of  the  Ganges, 

8.  East  Coast  Bay  of  Bengal, 

9.  Eastern  Ghauts; 

and  under  these  divisions  describes  more  or  less  fully  a  total  number  of 
162  earthquakes,  which  he  finally  tabulates,  by  date  and  place  only.  The 
epoch  of  his  catalogue  commences  nominally  at  a.d.  1505;  but  almost  the 
whole  of  the  catalogue  refers  to  the  19th  century,  and  comes  down  to  the 
year  1842. 

After  his  remarks  upon  the  earthquakes  of  the  first  region  (p.  1039),  he 
observes,  "  The  hot  springs,  I  believe,  owe  their  high  temperature  to  in- 
ternal chemical  action  extensively  distributed ;  and  the  earthquakes  are  due 
to  the  convulsive  efforts  of  the  elastic  matter  generated  by  this  action  in 
escaping  from  the  interior  of  the  earth."  ..."  To  define  the  nature  of  this 
action,  while  ignorant  of  the  chemical  nature  of  the  springs,  would  be  in 
vain;'* ....  but  . ..."  I  cannot  resist  the  conviction  that  both  are  due  to 
one  and  the  same  origin."  . . .  •  "  There  are  no  active  volcanic  vents  yet  dis- 
covered in  the  Himalayas,  but  abundant  hot  springs  and  trap  dykes,  and 
evidences  of  disruptive  action." 

In  the  same  vol.  p.  741,  a  translation,  by  A.  Sprenger,  of  the  Arabic 
MS.  in  the  Imperial  Library  at  Paris,  of  a  work  of  As.  Soyuti  on  earth- 
quakes, is  given.  The  original  work  is  entitled,  *  Kashf  as  salsalah  an 
wass  az  Zalzalah,'  ue.  "a  clearing  up  of  the  history  of  earthquakes."  It 
contains  a  catalogue  of  about  120  earthquakes  in  Western  Indiai  Persia, 
and  Caubul,  and  extending  to  Arabia,  Syria,  and  Egypt  It  certainly,  how- 
ever, scarcely  warrants  its  title,  and  contains  few  facts  of  scientific  value. 

Again  (p.  907),  a  small  catalogue  of  earthquakes  in  Upper  Assam  occurs 
< — the  authors,  Capt.  Hannay  and  Rev.  N.  Brown.  The  chief  statement 
of  importance  to  be  found  in  it  is  their  opinion,  that  in  this  region  the  hori- 
zontal direction  of  shock  seems  to  be  mainly  from  S.W.  to  N.E. 
•  Since  the  publication  of  former  ^  Reports,'  some  monographs  of  single 
earthquakes  have  appeared ;  but  reference  is  here  only  to  catalogues. 

While  these  sheets  have  been  passing  through  the  press,  the  work  of  Dr. 
Otto  Wolger,  with  catalogues  of  the  Swiss  earthquakes,  has  appeared,  and 
demands  notice  for  the  extreme  accuracy  and  care  with  which  the  volumes 
have  been  produced, — *  Untersuchungen  iiber  das  Phanoroen  der  Erdbeben 
in  der  Schwitz,'  von  Dr.  G.  H.  Otto  Wolger,  Gotha  1857, 1858,  3  vols.  8vo. 
The  first,  *'  Chronic  der  Erdbeben  in  der  Schwitz,"  also  embraces  a  discussion 
as  to  the  periodicity,  locality,  and  extent  (Ausdehnung)  of  the  Swiss  earth- 
quakes, with  the  results  graphically  reproduced. 

The  second  contains  the  geology  of  the  Canton  of  Wallis,  in  which  so 
great  a  number  of  rapidly  recurrent  feeble  shocks  have  been  so  long  recorded. 

The  third,  *  Geschichte  der  Erdbeben  (im  Wallis)  des  meteorologischen 
Jahres  1855,*  together  with  a  chronicle  of  those  in  the  Swiss  Cantons  and 
adjacent  parts  of  France. 

There  is  an  excellent  though  small  map  of  the  Canton  of  Wallis,  showing 
the  points  of  observation  of  the  many  small  shocks  that  have  become  identi- 
fied with  the  name  of  Pignerol  as  a  centre — and  in  several  instances  showing 
the  horizontal  directions  observed — which  quite  bear  out  the  observations  to 
be  found  further  on,  as  to  the  effects  of  surface  in  perturbing  the  general 
emergent  direction  of  the  wave  of  shock. 

The  work  of  Dr.  Wolger  is  entitled  to  the  study  of  physical  geologists. 
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Perfaapsy  like  most  men  who  carefully  and  lovingly  perfect  their  subject,  he 
attaches  a  too  preponderant  value  to  the  limited  district  of  which  he  treats. 

Having  so  far  considered  the  labours  of  others  as  to  the  distribution  of 
etrthqaakes  in  time,  some  remarks  remain  to  be  made  on  their  distribution 
in  space  by  foreign  authors.  The  seismic  map  of  Berghaus  in  his  <  Physical 
Atlas,'  is  the  most  important  attempt  of  this  sort  emanating  from  abroad. 
The  following  are  Perrey's  remarks  upon  this  map  ('  M6m.  de  TAcad^mie 
des  Sciences  de  Dijon,*  t.  iv.  ann^e  1855,  p.  57) : — 

^  M.  Berghaus,  of  Berlin,  has  devoted  map  No.  7  of  the  geological  part 
of  his  beautiful  Physical  Atlas  to  volcanic  and  seismic  manifestations. 
Greenland  is  very  slightly  coloured,  and  is  included  in  the  circumference 
of  a  circle  of  percussions,  the  centre  of  which  is  in  Iceland.  This  state- 
ment does  not  appear  to  me  to  be  at  all  supported  by  facts.  The  author 
appears  to  have  outstripped  observation;  for  the  commotions  in  Iceland 
constitute  an  almost  local  phenomenon ;  rarely  ever*  is  the  island  simul- 
taneously shaken  in  its  entire  extent,  and  the  shocks  are  only  of  moderate 
intensity." 

It  may  be  added,  that  observation  points  out  that  the  connexion  as  to 
earthquake  commotion  is  between  Iceland  and  Norway,  and  not  between 
Icdand  and  Greenland.  Of  the  latter  country,  however,  in  this  respect  we 
know  but  little. 

As  to  Greenland,  I  do  not  know  whether  any  earthquake  has  occurred 
there  but  that  of  November,  1755.  That  was  violently  felt ;  it  caused  a 
terror  so  much  the  greater,  as  shocks  of  this  nature  were  completely  un« 
known.     However,  it  is  probable  that  they  are  occasionally  felt. 

The  22nd  of  September,  1757,  there  was  a  violent  hurricane,  the  wind 
from  the  south,  accompanied  by  hail  and  rain ;  the  lightning  was  terrific, 
but  without  thunder.  It  was  generally  believed  that  a  shock  of  earthquake 
was  felt.  (Provost,  <  Hist.  G6n.  des  Voy.'  t.  ix.  pp.  23  &  209.)  Earthquakes, 
the  author  adds,  are  rare  in  this  country. 

Two  years  after,  in  September,  1759,  at  New  Herrnhut  (Greenland),  the 
house  of  Siehlenfels  experienced  shocks  like  an  earthquake,  although  it  was 
very  low  and  had  walls  four  feet  thick.  The  houses  around  suffered  severely  : 
the  roofs  were  split ;  and  the  boats  drawn  up  on  shore  were  carried  away 
by  the  hurricane,  which  was  felt  at  a  distance.  This  storm  was  preceded 
and  followed  by  igneous  meteors,  one  of  which  set  6 re  to  the  house.  On 
Christmas  Eve  a  similar  phenomenon  occurred  at  noon.  (Provost,  L  c, 
U  xix.  p.  208.) 

These  are  the  only  facts  that  I  can  quote  relative  to  this  country, 
which,  I  repeat,  notwithstanding  its  contiguity  to  Iceland,  ought  not,  in  my 
opinion,  to  be  placed  within  the  sphere  of  the  volcanic  and  seismic  action  of 
that  island. 

M.  Berghaus  has  marked  the  Azores  and  Canaries  with  a  darker  shade ; 
and  this  memoir  will  contribute  to  confirm  the  author's  idea  of  also  co- 
louring the  ArchipeUgo  of  Cape  Verd  and  the  Antilles.  But  it  leaves  all 
the  rest  of  the  basin  uncoloured;  and  surely  it  is  difficult  not  to  admit 
some  shading,  however  slight,  in  latitudes  distingubhed  of  late  by  M« 
Daussy.  Let  us  again  repeat,  that  earthquakes,  which  ought  to  form  an  im- 
portant  part  in  the  study  of  terrestrial  physics  and  physical  geography,  have 
hitherto  been  too  much  neglected.  They  have  been  resigned  to  geology, 
to  which,  in  my  opinion,  they  only  indirectly  belong. 

But  to  continue.  Algeria  bears,  on  M*  Berghaus's  map,  a  very  dark  shade, 
which  the  note  I  published  in  our  last  *  Memoirs'  does  not  justify.    Yet  the 
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Ulustrioufl  phyiioiBt  \rhoin  I  have  just  quoted  includes  the  Azores  and 
Canaries  in  the  seismic  region  of  the  Mediterranean. 

They  would  seem  to  form  the  western  part  of  an  axis  which  extends  to 
Hindostan  with  variable  shades,  and  thus  unites  the  Atlantic  with  the  great 
volcanic  chain  of  the  Sonde  (Sunda),  which,  as  we  know>  is  connected  by 
the  Japanese  and  Kurile  Islands  with  the  Aleutian  Archipelago,  and  by  this 
chain  to  the  grand  volcanic  range  of  the  two  Americas.  This  idea  is  in- 
genious, but  is  it  true  ?  It  is  a  point  that  I  cannot  at  present  discuss.  Yet 
we  must  admit  that  the  Azores,  and  even  the  Canaries,  seem  to  form  a  part 
of  the  sphere  of  subterranean  convulsions,  the  centre  of  which  is  almost 
parallel  to  Lisbon  ;  and  to  be  at  the  western  extremity  of  that  great  seismic 
zone  which  proceeds  by  the  peninsulas  of  Spain,  Italy,  and  Greece,  to  the 
volcanoes  of  Asia  Minor,  and  which  there  joins  the  central  chain  of  Asia. 
It  is,  in  fact,  within  this  zone,  extending  towards  the  north  as  far  as  the  Car- 
pathian Mountains,  that  the  principal  centres  of  earthquakes  and  the  most 
remarkable  seismic  axes  in  Europe  are  to  be  found.  Extending  to  the 
west  along  the  4fOth  parallel,  this  zone  reaches  the  United  States  of  Ame- 
rica, where  it  embraces  New  York  and  Boston,  which  M.  Berghaus  has  per- 
haps marked  with  a  rather  too  dark  colour,  though  earthquakes  are  not  rare 
there ;  and  thence  it  proceeds  to  Kentucky,  Tennessee,  and  Missouri,  where 
the  phenomena  of  the  year  1811  demand  a  darker  shade  in  M.  Berghaus's 
beautiful  map.  M.  Berghaus  draws  a  linear  region  in  Arabia,  from  Medina 
to  Yemen,  along  the  east  coast  of  the  Red  Sea.  Can  this  be  a  partial 
axis  of  convulsion  ?  Is  it  independent  of  the  Mediterranean  zone  ?  Or  it 
it  united  to  it  by  a  second  axis — the  Syrian  axis,  parallel  to  the  east  coast 
of  the  Mediterranean  ?  But  the  countries  near  to  the  Isthmus  of  Suez  ap- 
pear little  subject  to  earthquakes ;  can  there  be  a  solution  of  continuity 
between  these  two  axes  ?  or  does  the  space  which  divides  them,  and  where  the 
phenomenon  has,  so  far,  been  so  rarely  remarked,  constantly  present  a  pecu- 
liarity verified  more  than  once  in  America?  In  the  New  World  (at  Ca- 
raccas,  for  example)  certain  regions  of  small  extent  have  been  observed  to 
enjoy  a  complete  calm  while  the  neighbouring  country  experienced  fright- 
ful catastrophes. 

The  historians  of  these  disasters  have  characterized  this  unconvulsed  part 
of  the  soil  by  a  picturesque  expression,  namely,  *'  a  bridge  has  been  formed." 
The  probable  physical  explanation  of  this  phenomenon  of  **  the  bridge"  has 
been  given  in  a  former  Report  (2nd  Report,  p.  309),  by  the  author  of  this, 
based  upon  the  view  that  toial  reflection  of  elastic  impulses  may  occur  under 
certain  suitable  conditions. 

Perrey  continues,  '*  No  simultaneous  convulsions  at  both  extremities  of 
thb  Syro- Arabic  linear  region  have  been  recorded.  However,  if  we  recall 
that  the  Himalaya  Mountains  are  very  subject  to  subterranean  convulsions ; 
that  the  Alps,  and  especially  the  Pyrenees,  are  frequently  shaken,  the  Cau« 
casus-range  still  of^euer,  and  that  the  Andes  are  almost  always  in  a  state  of 
commotion  ;  must  we  not  regret  that  we  possess  no  information  coneemiog 
the  phenomena  in  the  high  Ethiopian  chain  ?  is  it  not  to  be  desired  that 
travellers  in  Africa  should  make  observations  upon  a  matter  so  interesting 
to  science? 

*^  During  the  last  few  years  Abyssinia  (strongly  marked  in  M.  Berghaus's 
map)  has  been  the  study  of  numerous  French  explorers.  Several  narratives 
of  their  vast  and  useful  labours  have  appeared ;  but  I  do  not  find  one  word 
about  earthquakes  !  The  Academy  of  Sciences'  has  just  eiven  new  instruc- 
tions to  M.  kochet  (d'H^ricourt),  about  to  undertake  a  third  expedition  to 
ttot  cQuntry^ ;  and  the  phenomenon  is  not  even  mentioned  by  M^.DnpemgrJ 
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Quite  recently,  again,  I  felt  the  same  painful  surpriae  at  reading  the  instruc* 
tioQs  given  to  M.  Raffenel. 

''  DoeB  Abyssinia  form  an  axis  of  conynlsion  perpendicular  to  the  Arabic 
axis?  or  is  it  the  eastern  extremity  of  an  unique  axis  formed  by  the  great 
Ethiopic  chain,  and  crossing  the  African  continent  at  its  greatest  breadth  ? 

*<  Id  nearly  the  same  latitude  as  Abyssinia,  but  on  the  western  coast  of 
Africa,  we  find  the  sources  of  the  Senegal  and  Gambia  vivtdiy  coloured  in 
M.  Berghaus's  map.  What  evidence  has  the  author  for  this  statement? 
With  respect  to  this  r^ion,  I  am  only  acquainted  with  the  two  following 
descriptions  drawn  from  M.  Walcknaer's  collection."  We  read,  at  t  vi. 
p^  181,  '*  The  aspect  of  the  mountains  Nikolo  and  Bandeia  prove  that  this 
country  has  been  the  theatre  of  volcanic  eruptions.  Earthquakes  are  very 
frequent ;  and  shortly  before  M.  Mollieu's  visit,  one  of  the  most  violent  had 
occurred,  the  shocks  of  which  had  been  felt  as  far  as  Timbo.*'  And  further 
on,  p.  184,  '^  The  mountains,  covered  with  ferruginous  stones  and  cinders^ 
which  enclose  the  valley  in  which  are  the  sources  of  the  Senegal  and  Gambia, 
lead  Mn  MolUeu  to  believe  that  they  occupy  the  crater  of  an  extinct  volcano. 
This  traveller  was  at  the  source  of  the  Gambia,  April  8,  181 8.** 

It  is  useful  to  compare  this  passage  with  the  following,  extracted  from 
the  same  collection,  t.  xii.  p.  356  ; — **  There  is  no  record  in  Senegal  that 
any  portion  of  the  colony  has  ever  experienced  an  earthquake." 

Without  seeking  to  justify  the  accuracy  of  M.  Berghaus,  it  may  not 
be  uninteresting  to  remark  that  the  Antilles  and  the  Republic  of  Guate- 
mala lie  under  the  same  parallel  of  latitude  (about  15°  N.)  as  Abyssinia  and 
the  sonrces  of  the  Gambia. 

Can  there  be  an  axis,  or  rather  an  immense  zone,  of  convulsions  parallel 
to  the  Equator  ?  Often  convulsed  in  the  western  counterforts  (the  Archi« 
pelagoi  of  Cape  Verd  and  the  Canaries),  Africa  suffers  also  in  the  S.E., 
in  the  great  southern  chain  of  Madagascar.  I  find  in  M.  Segu6rel  de  la 
Combe  that  ^*  earthquakes  are  very  frequent  in  Madagascar.  When  they 
occur,  the  natives  leave  their  houses  and  commence  beating  the  walls  with 
their  hands.  They  do  not  allege  any  reason  for  this  conduct  but  custom.'* 
(*  Voy.  a  Madagascar  et  aux  lies  Comorres,'  t.  i.  p.  S.) 

Let  me  add  this  remark  from  an  ancient  traveller  in  Madagascar :  '^  Hap* 
pily  earthquakes  are  here  completely  unknown."  (Le  Gentil,  '  Voy.  dans 
lea  Mers  de  Tlnde,'  U  ii.  p.  367 •) 

If  we  subjoin  to  these  contradictory  statements  the  few  facts  which  we 
possess,  we  shall  justify  M.  Berghaus's  not  having  coloured  the  south  of 
Africa. 

*<  1786,  August  4,  6*35  a.m.,  in  the  Isle  of  France,  two  violent  but  harm- 
less shocks.  The  motion  was  horizontal  and  vertical.  The  barometer  was 
not  affected.  Earthquakes  are  of  rare  occurrence.  The  voleano  in  Bour^ 
bon,  active  from  the  5tb  of  June  previous,  emitted  much  lava  upon  this  day, 
but  the  island  was  not  sensible  of  any  shocks."  (P6ron,  *  Voy.  aux  Terres 
Australes,'  2nd  edit,  t  L  p.  134;  <  Eph^^r.  de  Manheim,'  1788,  p.  397.) 

1809,  8th  of  January,  the  island  of  Penguin,  close  to  the  Cape  of  Good 
lii'i)e,  was  swallowed  up  by  an  earthquake.  I  am  unacquainted  with  this 
iskind,  and  I  only  find  this  circumstance  related  in  an  anonymous  work 
entitled  *  Memorial  de  Chronologic,'  t  ii.  p.  932. 

Here,  again,  relative  to  another  earthquake  of  the  same  year,  1809,  are 
the  details  communicated  by  M.  Barchers,  Minister  of  Stellenbosch  (country 
of  the  Hottentots),  to  Campbell  (end  of  November  1812),  concerning  the 
^rst  of  the  earthquakes  which  occurred  three  years  previously  ^-^ 

"  Xk^  church  of  Pi^l  was  then  vacant  The  governor  begged  me  to  preaeir 
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there  once  a  month.  On  Saturday,  the  ere  of  the  day  on  which  I  had  to  go 
there,  I  felt  extremely  ill  and  dejected.  On  Sunday  morning  my  wife  and  I 
set  out  When  I  reached  Paarl,  I  was  very  weak,  and  asked  for  some  water; 
but  it  was  lukewarm,  and  I  could  not  drink  it  I  was  told  it  had  been 
brought  from  the  fountain.  I  sent  my  slave,  but  what  he  brought  was  hot. 
I  went  thither  myself,  and  found  it  was  really  the  case.  We  could  not 
imagine  the  reason.  Whilst  1  was  preaching,  I  felt  so  giddy  that  I  scarcely 
knew  what  I  was  saying. 

**  After  the  sermon,  I  spoke  of  this  sensation  to  several  of  my  friends,  who 
declared  that  they  abo  experienced  it«  We  returned  to  Stellenbosch  on  the 
following  morning.  The  whole  of  that  day  my  family  and  servants  and 
myself  felt  very  unwell ;  the  dogs  also  shared  in  our  uneasiness. 

<*  At  10  o'clock  we  were  all  alarmed  by  a  noise  like  that  caused  by  nume- 
rous carts  rolling  through  streets.  We  did  not  know  what  it  was;  but 
all  my  family  were  terrified.  A  great  light  shone  into  the  room.  Supposing 
that  a  thunder-bolt  had  burst  1  exhorted  them  not  to  be  alarmed,  as  the 
lightning  had  passed,  and  the  danger  was  gone.  Whilst  1  was  speaking,  the 
same  noise  which  we  had  just  heard  was  again  repeated,  and  we  all  trembled. 
*  Oh  r  cried  I,  *  'tis  an  earthquake ;  let  us  all  go  into  the  garden.'  We  felt, 
to  use  a  Scriptural  expression,  that  *  there  was  no  more  life  in  us.'  A  third 
shock  followed ;  it  was  less  violent  than  the  first  two.  The  noise  was  dreadful, 
not  only  owing  to  its  loudness,  but  also  to  its  nature.  1  can  only  describe 
it  as  a  sort  of  groaning,  or  piteous  howling.  The  dogs  and  birds  testified 
their  fear  by  their  crie^.  The  night  was  calm,  not  a  breath  of  wind  stirred 
the  air ;  but  I  remarked  a  number  of  luminous  meteors.  I  observed  small 
clouds  in  various  quarters,  but  their  aspect  presented  nothing  new.  Every 
one  endeavoured  to  keep  close  to  me ;  alarm  was  excessive ;  1  said  what  I 
could  to  allay  it  At  last  we  ventured  to  return  to  the  house,  and  endeavoured 
to  sleep  to  recover  ourselves ;  but  the  effort  was  vain."  (Walckenaer,  *  Collect, 
des  Relat.  de  Voy.  en  Afrique,'  t.  xviii.  p.  275.) 

1810,  in  the  depth  of  winter  an  earthquake  occurred  at  the  Cape  of 
Good  Hope. 

1811,  2nd  June,  five  minutes  before  12  o'clock  noon,  another  earthquake 
took  place.  The  heat  was  greater  than  usual  at  this  season,  the  thermometer 
was  16^*8  R.  A  thick  mbt  filled  the  atmosphere,  yet  did  not  obscure  the  sun's 
rays ;  not  the  least  breeze  dbturbed  the  air.  The  inhabitants,  who  greatly 
dread  subterraneous  shocks,  were  reminded  by  these  symptoms  of  the  earth- 
quake of  the  preceding  year.  M.  Burchell  was  busy  indoors  with  prepara- 
tions for  a  missionar}'  journey,  when  suddenly  a  noise  like  an  explosion 
shook  the  entire  house.  Three  or  four  seconds  afterwards  a  second  peal 
like  thunder  produced  another  shock  ;  at  the  same  instant  a  singular  motion 
and  vacillation  in  the  atmosphere  was  apparent,  whilst  the  sky  continued 
perfectly  serene.  M .  Burchell  ran  out  to  discover  what  had  occurreil ;  he 
saw  all  the  inhabitants  running  out  of  their  houses  in  great  alarm,  pale  and 
trembling,  not  conscious  what  they  were  doing,  the  women  either  screaming 
with  terror,  or  motionless  and  incapable  of  speech.  Af^r  the  second  shock, 
the  trembling  of  the  atmosphere  had  ceased,  and  the  temperature  a  little 
cooled.  The  people  gradually  regained  their  composure,  observing  that  no 
more  shocks  followed.    Many  houses  were  injured,  and  walls  split. 

This  earthquake  took  place  five  minutes  before  noon,  during  the  Cape 
winter ;  the  preceding  year  it  occuiTed  during  the  night  in  the  height  of 
summer :  so  this  phenomenon  is  not  limited  to  any  time  of  day  or  year. 

M.  Burchell  saw  the  trace  of  electricity  in  all  the  preceding  symptoms, 
and  can  only  explain  the  earthquake  as  an  explosion  of  electric  matter. 
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On  the  moraiDg  of  the  19th  another  shock  was  felt,  but  uoaccompanied 
by  explosion  or  other  consequences.  A  slight  sound  was  heard,  which 
appeared  to  travel  from  N.  to  S^  and  lasted  about  three  seconds.  (Walcke* 
naer,  loc.  ciL  i.  xx.  p.  20-22.) 

To  these  facts  we  may  subjoin  the  following  : — 

181  ly  7th  June,  at  the  Cape  of  Good  Hope  a  violent  shock  of  five 
minutes ;  the  houses  tottered,  and  even  the  vessels  in  the  bay  felt  the  shock* 
(J.  D.  14th  Nov. ;  M.  U.  15th  Nov.  1811.) 

1818,  on  the  night  between  the  28th  Feb.  and  1st  March,  in  the  Isle  of 
France,  a  hurricane  similar  to  that  of  1716 ;  it  is  alleged  that  shocks  of 
earthquake  were  felt.     (J.  D.  21st  June  1818.) 

1821,  9th  March,  in  the  Island  of  Bourbon  a  slight  shock.  The  erup- 
tion of  the  volcano,  which  had  commenced  on  the  28th  February,  still 
continued.     (C.  P.  t.  xxxiii.  p.  404  ;  Garnier,  Meteor,  p.  124.) 

1840,  7th  July,  in  the  Isle  of  Bourbon,  earthquakes  recorded  without 
detail  by  M.  Meister  in  the  Annalen  fiir  Meteor*  und  Erdmag.,  ler  cahier, 
p.  161. 

1844,  21st  Feb.,  8  p.m.,  in  Isle  of  Bourbon,  shocks  and  terrible  wind 
(communic.  de  M.  Meister.) 

If  we  add  to  these  five  or  six  earthquakes  the  eruptions  of  the  volcano  in 
the  Island  of  Bourbon  in  1708,  -51,  -G^,  -74,  -86,  -87,  -91,  -93,  and  1800,  we 
shall  have  all  the  manifestations  which  I  can  quote  of  the  interior  activity  of 
the  globe  in  the  south  of  the  African  continent.  So  this  part  of  Africa  appears 
little  subject  to  subterranean  commotions.  But  is  it  the  same  with  the 
interior  of  the  country  ?     It  would  be  very  interesting  to  learn  this. 

Johnston,  in  his  Seismic  Map  (Phys.  Atlas,  No.  7,  Geol.),  lightly  tints 
the  southern  extremity  of  Africa,  leflt  untouched  by  Berghaus. 

To  these  remarks  of  Perrey  may  be  added,  that  both  Berghaus's  and 
Johnston's  seismic  maps  alike  labour  under  two  most  important  defects. 

First,  a  hard  and  rigid  line,  often  of  an  extremely  irregular  figure,  limits 
strictly  and  definitely  the  supposed  boundary  of  seismic  commotion  in  each 
assigned  region.  Two  physical  misconceptions  are  involved  in  this :  first, 
that  forces  emanating  from  a  centre,  of  the  nature  of  earthquake  shocks,  can 
have  any  definite  boundary ;  secondly,  that  a  line  drawn  upon  the  earth's 
surface  around  any  centre  of  impube,  and  through  a  number  of  points  at 
which  the  horizontal  elements  of  shock  are  alike  (suppose  those  at  which 
these  elements  become  insensible  without  the  help  of  instruments,  which 
would  be  the  boundary  line  in  a  popular  sense),  can  possibly  have,  when 
embracing  large  areas,  a  highly  irregular  though  closed  curvilinear  figure* 
The  curve  traced  through  such  a  line  of  points  must  circumscribe  a  space 
either  nearly  circular  or  slightly  elliptic ;  all  irregularities  due  to  variation 
of  surface  vanish  over  such  vast  spaces. 

Irregular  curved  areas  are  alone  possible  on  the  assumption  of  more  than 
one  impulse  propagated  from  the  same  origin  simultaneously,  of  which  we 
have  as  yet  no  evidence. 

The  second  defect  common  to  both  those  maps,  and  possibly  difficult  to 
be  avoided  from  their  small  scale,  is  the  absence  of  any  positive  and  in- 
variable, though  conventional  principle  of  application  of  the  dq^ih  of  tifU  in 
colouring,  which  shall  determine,  by  its  depth,  the  intensity  and  frequency 
of  seismic  action  at  given  centres. 

The  principles  adopted  with  the  seismic  map  attached  to  this  report  will 
be  explained  further  on. 

Berghaus's  maps  (3  Abtheil.  Geol.  No.  7  und  No.  9)  give  an  exceed- 
ingly imperfect  notion  of  the  whole  east  of  China,  and  indeed  of  the  Sunda. 
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and  Philippine  Island  groups,  including  Luzon,  incomparably  the  most  im- 
portant and  interesting  earthquake  region  on  the  face  of  the  earth.  Berg- 
haus's  maps,  S  Abtheii.  Geol.  No.  8  und  10,  '^  Specialia  vom  Vulkan  Giirtel,'' 
&c.,  are  worthy  of  all  commendation,  save  as  respects  the  outline  of  seismic 
regions  already  adverted  to,  and  here  repeated  even  in  a  more  dbtorted 
form. 


Such  have  been  the  results  of  previous  labours  as  to  the  distribution  in 
time  and  space  of  earthquakes.  I  proceed  to  those  deduced  from  our  own 
researches. 

At  the  conclusion  of  the  Second  Report  (1851),  the  principles  upon 
which  the  British  Association  Earthquake  Catalogue  itself  was  compiled  have 
been  described ;  it  remains  now  to  describe  the  methods  by  which  it  has 
been  discussed,  and  to  state  the  results. 

The  collection  of  an  earthquake  catalogue  is  a  work  essentially  of  a  sta- 
tistic character,  and  partakes  of  all  that  disadvantage  and  incompleteness 
that  belongs  to  the  collection  of  facts  not  the  result  of  choice  and  experi- 
ment, but  presented  to  us,  through  various  and  imperfect  observations,  from 
many  places  and  through  long-lapsed  periods,  during  which  all  the  conditions 
of  observation  have  suffered  much  change,  so  that  the  facts  that  are  presented 
for  record,  and  those  of  which  no  account  is  given,  are  alike  subject  to 
certain  contingent  or  accidental  modifying  conditions,  but  of  such  a  nature 
as  to  defy  our  making  them  part  of  our  discussion. 

So  in  a  work  which  proposes  to  collect  under  one  view  the  transmitted 
observations  of  the  whole  human  race,  and  of  all  historic  time  on  this 
particular  subject,  the  conditions  of  human  observation  \tne\t  enter  into 
the  results,  and  our  earthquake  record  is  at  once  an  account  of  these  phaeno- 
mena,  and  of  the  rise,  progress,  and  extension  of  human  knowledge  and 
observational  energy,  and  also  of  the  multiplication  and  migrations  of  the 
human  familv  and  its  progress  in  maritime  power ;  in  a  word,  at  every  mo- 
ment the  indeterminate  extent  to  which  man  has  fulfilled  his  great  destiny 
of  "  replenishing  the  earth  and  subduing  it,"  affects  every  continuous  record 
of  his  observations  or  his  arts. 

The  method  of  discussion  followed  was  that  of  numerical  analysis  as  to 
time,  and  topical  analysis  as  to  space,  from  which  curves  graphically  repre- 
senting the  results  have  been  projected  by  the  usual  methods. 

One  conventional  arrangement  has  been  found  inevitable.  It  refers  to 
the  cases  of  long-continued  slight  shocks  or  tremors,  occurring  almost  daily, 
as  at  Pignerol  in  1808;  St.  Jean  de  Maurienne  in  1859;  Comrie,  in  Perth- 
shire, 18S9-1847;  and  Ragusa  in  1843-1850.  In  these  the  slight  shocks 
recorded  for  each  month  of  the  disturbed  period  are  grouped  as  forming  one 
earthquake  at  the  locality.  Had  not  some  such  arbitrary  rule  been  adopted, 
these  comparatively  insignificant,  though  frequently  repeated  exhibitions 
of  seismic  force  (if  they  be  such)  would,  when  introduced  in  the  curves, 
have  given,  at  certain  points  of  time,  a  false  elevation  to  the  abscissse,  while 
the  phenomena  themselves  are  not  of  a  character  materially  to  modify  our 
r^ults  even  if  excluded. 

The  conclusions  possible  from  the  still  vast  mass  of  facts  here  brought  to- 
gether, however,  will,  as  a  first  generalization,  be  found,  I  apprehend,  not 
unimportant. 

They  may  be  classed  under  two  great  heads ;  viz.  the  relation  of  seismic 
energy  to  time  and  to  space,  or  the  distribution  ^f  recorded  earthquakes 
in  eaeh.    Andy  firsty— » 


Digitized  by  VjOOQ IC 


ON  THE  FACTS  AND  THEORY  OF  EARTHQUAKE  P'HENOMENA.  47 

Of  Seismic  Energy  in  relation  to  Time, 

Plates  I.  II.  III.  IV.  V.  and  VI.  cany  down  the  stream  of  time  the  whole 
series  of  observations  from  2000  years  before  the  Chrbtian  era  to  the  year 
1860. 

In  all  these  chrono-seismic  curves  the  ordinate  is  that  of  epochs  and  must 
not  be  confounded  with  one  expressing  in  anywise  the  duration  of  each 
shock  or  separate  seismic  effort.  The  abscissa  is  that  of  seismic  intensity, 
which  has  been  assumed  proportional  to  the  number  of  coincident  seismic 
efforts,  without  taking  any  account  in  the  curve  of  the  variable  intensity  of 
different  efforts.  This  is  a  source  of  uncertainty  that  would  not  have  been 
avoided,  but  rather  the  tendency  to  error  increased,  by  any  conventional 
law  of  enlargement  of  the  abscissa  that  could  have  been  devised  to  suit  the 
vague  proportion  of  greater  or  less  in  earthquake  narrations ;  but  the  means 
are  given  to  the  reader  of  applying  such  corrective  as  the  information  admits, 
by  placing  along  the  line  of  time  down  to  the  year  1750  the  letter  G  above 
each  epoch  at  which  an  earthquake  of  undoubtedly  great  and  destructive 
intensity  has  been  recorded,  and  the  letter  S  above  all  those  that  were  so 
circumstanced  as  to  have  been  followed  by  the  influx  of  "  great  sea  waves.*' 
This  notation  might  have  been  carried  on  further,  but  that  after  the  year 
1750,  when  observations  rapidly  multiply,  the  number  of  earthquakes  re- 
corded as  being  ^*  great "  are  so  numerous,  that  to  distinguish  their  epochs 
thus  would  have  involved  the  extension  of  the  ordinate  to  a  new  and  incon* 
veniently  enlarged  scale.  For  the  first  three  centuries  of  historic  time 
(according  to  our  commonly  accepted  chronology)  it  will  be  seen  that  there 
are  no  earthquake  records,  and  that,  while  between  a.c.  1700  and  a.c. 
1400  there  are  a  few  scattered  facts,  there  is  again  from  a.c.  1400  to  a.c. 
900,  nearly  a  period  of  five  hundred  years  of  perfect  blank,  followed  again 
(with  a  few  exceptions)  by  another  blank  from  a.c.  800  to  a.c.  600.  Even 
in  the  succeeding  century,  but  two  earthquakes  are  recorded ;  so  that,  in 
fact,  the  record  of  any  value  for  scientific  analysis  may  be  said  to  commence 
at  the  five  hundredth  year  before  the  Christian  era. 

It  is  only  in  the  first  century  prior  to  our  era  that  the  curve  shows  that 
observations  may  be  at  length  deemed  even  continuous,  every  previous  cen- 
tury being  interrupted  by  lengthened  lacunae. 

From  the  commencement  of  the  Christian  era  downwards  to  the  present 
day,  the  abscissae  continually  increase  in  closeness  and  magnitude,  and  at  the 
first  casual  glance  suggest  the  idea  that  earthquake  energy  has  increased 
over  the  whole  earth  during  the  course  of  ages  in  a  fearful  manner.  Wt 
shall  see,  however,  reason  to  correct  any  such  conclusion. 

Although  periods  of  thirty  and  forty  years  occur  in  the  second  and  third 
centuries  of  our  era  without  the  record  of  a  single  earthquake,  it  did  not 
seem  advisable  to  affirm  as  certain  the  want  of  all  observation,  by  the  sub»- 
stitution  here  of  lacunae  for  the  continuity  of  the  curve. 

The  end  of  the  third  century  first  gives  evidence  of  numerical  increase; 
and  the  increase  thence  is  steadily  progressive  up  to  the  year  1850. 

It  is  not,  however,  until  the  seventeenth  century  that  the  increased  number 
of  earthquakes  becomes  strikingly  remarkable,  increasing  still  more  in  the 
eighteenth,  and  presenting  a  far  greater  number  in  the  first  half  of  the 
niueteenth  than  in  both  the  preceding  centuries  taken  together. 

Yet  this  vast  and  rapid  expansion,  in  the  three  last  centuries  es|)eciallyi 
affords  no  proof  whatever  that  there  has  been  a  corresponding,  or  even  any 
increase  in  the  frequency  of  earthquake  phenomena.  Our  chrono-seismio 
curve  i%  in  (act»  not  only  a  record  of  eartbquakcsy  bot  a  record  of  the  ,ad- 
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vance  of  human  enterprise,  travel,  and  observation.  The  epochs  of  printing 
and  the  Reformation  are  those  of  the  first  great  expansion,  while  the  dis- 
covery of  the  new  world,  the  voyage  to  India  round  the  Cape,  and  the  vast 
accessions  of  European  colonization  and  commerce  of  the  last  150  years, 
connect  themselves  as  causes  with  the  two  latest  curves.  We  have  traced 
at  once  the  history  of  a  physical  law  and  that  of  human  progress.  How  far, 
then.  Is  it  possible  to  disentangle  these  elements,  so  as  to  arrive  at  a  con* 
elusion  as  to  whether  seismic  energy  over  the  world  is  progressive,  constant, 
or  retrogressive ?  To  do  so  perfectly  is  perhaps  impossible;  the  elements 
by  which  the  rate  of  observational  knowledge  has  been  determined  are  too 
complex  and  too  imperfectly  known  to  render  any  attempt  to  fix  its  rate  of 
expansion  in  time  probable.  Even  the  area  of  observation  itself,  the  land 
and  water  known  to  history  at  given  epochs,  can  be  but  vaguely  sketched ; 
as  vaguely  also  the  number  of  observers,  and  the  determination  of  the  human 
mind  towards  observation.    (See  Appendix  I.) 

This  much  is  certain,  however ; — that  up  to,  and  even  beyond  the  Christian 
era,  no  record  of  earthquakes  exists  for  any  portions  of  the  earth  s  surface, 
except  for  limited  areas  of  Europe  and  Asia,  and  a  still  more  restricted 
patch  of  Northern  Africa,  and,  if  Kaempfer  is  to  be  credited,  for  Japan,  of 
which,  however,  we  know  nothing  for  certain.  Yet,  of  the  enormously 
larger  areas  of  the  then  outer  and  unknown  world  since  discovered,  it  is  not 
to  be  supposed  but  that  there  was  a  proportionate  (perhaps  even  for  the 
"New  World"  a  more  than  proportionate)  amount  of  earthquake  energy, 
though  not  recorded  or  even  known  to  mankind. 

If,  however,  the  curve  of  total  energy  (Plate  VII.),  in  which  the  facts  of 
all  the  preceding  are  condensed  into  a  single  line,  be  examined  and  com- 
pared by  a  broad  glance  with  the  great  outlines  of  human  progress,  the  con- 
clusion appears  sufficiently  warranted,  that  during  all  historic  time  the  amount 
of  seismic  energy  over  the  observed  portions  of  our  world  must  have  been 
nearly  constant  To  assume  that  earthquake  disturbance  has  been  con- 
tinually on  the  increase^  would  be  to  contradict  all  the  analogies  of  the 
physics  of  our  globe.  These  analogies  might  lead  us  to  suppose  that,  like 
other  violent  presumed  periodical  actions,  tliey  were  getting  spent,  and  that 
the  series  of  earthquake  shocks  would  be  found  a  converging  one.  Were 
this  so,  however,  to  any  considerable  extent,  we  should  not  find  the  vast 
expansions  of  results  which  the  last  300  years  present ;  or,  although  the  ex- 
pansion might  be  absolutely  large,  its  divergence  would  not  present  such 
decisive  features  of  progressive  increase.  The  results  due  to  the  number  of 
observers  would  be  more  or  less  balanced  by  the  increasing  paucity  of  events 
to  observe  and  record ;  but  this  appears  conclusively  to  lead  to  the  deduc- 
tion we  have  made,  namely,  that  if  the  curve  of  total  energy  be  closely 
examined  century  by  century,  it  will  be  found  that,  at  periods  of  social  torpor 
and  stagnation  of  observational  energy  (and  this  is  so  even  far  down  the 
stream  of  time),  the  number  of  earthquakes  remains  nearly  constant,  or  with 
a  very  slight  but  nearly  uniform  increase.  Thus,  from  the  eleventh  to  the 
beginning  of  the  fifteenth  century,  the  abscissae  are -almost  equal,  the  crests  of 
the  curves  being  nearly  all  ascribable  to  single  great  earthquakes,  which  made 
themselves  felt  over  vast  areas.  Their  expansion  just  keeps  pace,  so  far  as  can 
be  judged,  with  that  of  contemporaneous  human  progress ;  but  if  the  series 
was  really  a  distinctly  converging  one,  at  such  periods  we  should  find  the 
abscisssB  decreasing  also.  On  the  other  hand,  we  find  the  increase  In  the 
number  of  recorded  earthquakes  always  coinciding  with  the  epochs  of  in- 
creased impulse  and  energy  in  the  march  of  the  human  mind. 

We  therefore  conclude  that  our  evidence,  such  as  it  is^  indicates  a  general 
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aDiformity  in  the  occurrence  of  earthquakes  as  distributed  over  long  epochs 
of  time.  Setting  aside  (as  contradicted  by  all  other  sources  of  analogy  and 
information)  the  supposition  that  this,  or  any  other  phenomenon  of  occa- 
sional disturbance^  has  an  increasing  development  upon  our  planet,  we  have 
two  remaining  alternatives ; — either  that  seismic  energy  is  getting  gradually 
spent  and  is  dying  out — this,  the  evidence  before  us  appears  sufficiently  to 
contradict ;  or  that,  upon  the  whole,  during  our  short  and  most  imperfect 
acquaintance  with  it,  it  has  remained  pretty  uniform  throughout  historic 
time,  taking  one  long  period  with  another.  Vet,  could  we  extend  our  view 
beyond  the  short  limit  of  man's  history  to  the  vast  past  duration  of  that  of 
our  globe  itself,  it  might  be  found  that  seismic  energy  is  really  a  slowly 
decreasing  force. 

A  condusion  thus  appearing  at  the  first  glance  even  contradictory  to  the 
presented  results  from  which  it  is  drawn,  may  bear  a  certain  boldness  of 
aspect,  for  which  I  hope  to  find  that  the  observations  preceding,  as  to  the 
true  character  of  all  earthquake  records,  and  of  the  sort  and  amount  of  stress 
that  may  be  laid  upon  them,  will  be  held  a  justification. 

But  while  such  uniformity  or  insensibly  slow  decadence  may  be  the  fact 
through  time  taken  as  a  whole;  there  is  also  evidence  of  irregular  and  par- 
oxysmal energy  in  reference  to  shorter  periods ;  that  is  to  say,  not  only  (as 
all  know)  do  earthquakes  occur  at  some  times,  and  not  at  others,  in  any 
given  spot ;  but,  taking  the  whole  area  of  observation  together  (in  which 
there  is  no  moment,  perhaps,  or  but  a  very  brief  one,  wherein  there  is  not  an 
earthquake  somewhere,  or  more  than  one),  it  will  be  found  that  there  are 
epochs  when  they  occur  in  greater  numbers  or  intensity,  either  in  the  same 
or  in  several  places  within  a  limited  time, — t.e.  periods  of  paroxysmal 
energy. 

If  we  omit  from  our  view  all  the  curves  of  earlier  periods  and  less  ample 
observation,  and  limit  our  consideration  to  those  of  the  last  three  centuries  and 
a  half,  t.e.  from  a.d.  1500  to  1850,  this  paroxysmal  character  becomes 
evident  at  a  glance,  and  increasingly  so  in  the  last  century  and  a  half  (the 
epoch  of  all  human  history  the  most  replete  with  discovery),  wherein  the 
number  of  recorded  observations  is  so  great,  that  it  was  necessary  for  clear- 
ness to  double  the  scale,  of  the  ordinate  of  the  diagram  (Plate  VI.)  in  rela- 
tion to  the  preceding  ones.  On  examining  these  curves,  they  seem  to 
justify  the  following  deductions : — 

1.  While  the  smallest  or  minimum  paroxysmal  interval  may  be  a  year 

or  two,  the  average  interval  is  from  five  to  ten  years  of  comparative 
repose. 

2.  The  shorter  intervals  are  in  connexion  with  periods  of  fewer  earthquakes 

— not  alwcn/s  with  those  of  least  intensity,  but  usually  so. 

3.  The  alternations  of  paroxysm  and  of  repose  appear  to   follow  no 

absolute  law  deduciblefrom  these  curves. 

4.  Two  marked  periods  of  extreme  paroxysm  are  observable  in  each 

century— one  greater  than  the  other — that  of  greatest  number  and 
intensity  occurring  about  the  middle  of  each  century,  the  other 
towards  the  end  of  each. 

This  is  one  of  the  most  remarkable  facts  that  these  curves  seem  to  point 
to:  from  about  the  fiftieth  to  the  sixtieth  year  of  each  century,  both  the 
number  and  intensity  of  earthquakes  will  be  observed  suddenly  to  shoot  up ; 
again,  during  the  last  quarter  of  the  three  complete  centuries  another  but 
less  powerful  paroxysm  is  apparent.  The  paroxysmal  power  at  these  two 
epochs  in  each  century  far  exceeds  any  other  paroxysms  within  their  limits* 
1858.  B 
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Within  the  first  period  (in  the  18tii  century)  we  find  the  greftt  Lisbon 
earthqualce ;  within  the  second,  in  the  same  century,  the  great  Calabrian 
one.  We  find  (referring  to  the  Catalogue  itself)  eartliquakes  in  great  num- 
bers, and  many  great  one» — in  the  Mediterranean  basin  in  the  middle  of 
the  17th  century,  and  the  great  Jamaica  earthquake  in  its  latter  decade ; 
and  in  the  16th  century,  its  middle  period  was  marked  by  great  earth* 
quakes  in  China  and  in  Europe,  and  the  latter  period  by  numerous  shocks, 
and  most  of  them  severe,  as  at  the  Azores,  &c.  Whether  the  latter  half  of 
our  century  shall  show  the  like,  remains  to  be  seen  $  from  its  commencementi 
howeveri  it  presents  no  paroxysmal  period  comparable  to  that  between 
1840  and  1850« 

While  this  general  resemblance  of  the  curves  of  these  latter  centuries 
admits  of  no  doubts  I  would  forbear  from  foundine  anything  thereupon  be- 
yond this  ;-^that  within  this  time  there  seems  to  elapse  a  period  of  about  a 
century  between  each  of  the  vety  greateit  paroxysms  (number  and  intensity 
together)  of  earthquakes,  and  a  like  period  between  two  other  consecutive 
paroxysms,  of  which  the  second  is  the  next  greatest  observable,  although 
far  below  the  first  in  power ;  that  a  period  of  thirty  to  forty  year^  seems 
to  occur  between  the  first  and  very  greatest  paroxysm,  and  that  next  in 
power  below  it;  and  that  in  the  middle  period  (especially  in  the  l7th  and 
18th  centuries)  the  number  of  earthquake^  is  greatest  that  crowd  into  a 
very  brief  time  (four  or  five  years),  while  at  the  latter  period  the  number 
is  thickly  spread  over  ten  or  twelve  years* 

Upon  the  whole,  the  forms  of  the  curves  appear  to  indicate  a  compara- 
tively sudden  burst  of  seismic  energy  at  each  great  paroxydm^  and  (by 
their  fiat  tops  or  more  sloping  lines  to  the  right  hand)  a  more  gradual 
subsidence,  as  if  the  train  of  causes  required  time  to  regain,  after  one  spent 
paroxysm,  their  energy  and  regimen,  which,  when  restored,  were  suddenly 
put  into  action,  and  which,  onoe  developed,  were  slow  in  being  wholly 
expended  and  relapsing  into  repose. 

The  occurrence  of  such  epochs  at  the  middle,  or  towards  the  end  of  our 
purely  arbitrary  subdivision  of  duration  into  Oenturied,  must  be  of  coune 
only  accident.  The  interval  of  duration  hehimn  one  epoch  and  the  next^ 
is  that  alone  which  can  have  a  cosmical  basis. 

We  may  then  provisionally  afiirm  the  probability  of  two  periods  of  earth* 
quake  maxima — a  greater  and  a  less  alternately— ^as  occurring  in  a  hundred 
years,  for  the  last  three  centuries  of  history  at  least.  The  existence  of 
some  periodic  maxima  in  remoter  centuries  can  hardly  be  doubted,  although 
the  epochs  of  the  two  maxima  have  a  secular  movement,  and  do  not  fall  in 
the  same  place  in  the  older  times.  Anterior  to  the  16th  century,  however, 
the  general  curves  of  time  (Plates  1.  11.  and  III.)  are,  through  paucity  of 
observations,  not  sufficiently  "  prononc^es"  to  enable  thb  to  be  asserted  from 
them,  or  to  warrant  the  graphic  representation  of  the  epochs  of  occurrence 
of  such  paroxysmal  periodic  maxima  for  the  whole  even  of  the  Christian  era. 

In  Plate  VII.  fig.  %  the  periods  of  paroxysm  (number  and  intensity)  are 
summed  and  grouped  for  each  successive  century  of  our  era.  The  1st, 
5th,  9th,  12th,  ana  18th  centuries  are  those  of  greatest  seismic  develop- 
ment, while  the  1st  and  2nd  centuries  a.c,  and  the  Srd,  7th,  10th,  and 
lith  centuries  of  our  era,  are  times  of  comparative  repose.  The  numerical 
value  of  the  paroxysmal  centuries  (as  we  may  term  them)  increases,  though 
not  regularly,  as  the  present  time  is  neared,  and  is  modified,  without  doubty 
by  the  same  conditions  of  observation  that  afiect  the  expansions  of  the  later 
curves  of  time.     We  dare  not  base  any  generalization  upon  it 

Numerically,  we  find  the  following  arerage  ratios  of  earthquakei  for  the 
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iuce^ttiTe  historic  groups,  of  time  extendtug  over  the  whole  reoord  of  the 
catalc^ue : — 

Table  XXIX. 


Histoilc  Grotip. 

lUtio  per  Month. 

Ratio  per  Tear. 

2000  to  1000  B.C 

000033 
0-0045 
0-0185 
0-545 

1*450 
2-610 

0-004 
0-054 
0-222 
7-740 

17-370 
35-310 

1001  B.C.  to  Christian  era   ... 

A.D.  1  to  A.D.  1000 

A.O.  1001  to  A.l>.  1850     

A.D*  1551  to  A.D,  1860 *. 

A.D.  1701  to  A.D.  1850 

^  These  numbers  are  absolute  as  well  as  proportional ;  nothing  can  more 
distinctly  show  the  relation  between  the  expanding  areas  of  our  curves  of 
time  and  the  increase  of  observation. 

Sir  Charles  Lyell,  at  p.  4-28  (*  Principles  of  Geology/  7th  edit.),  calcu- 
lates, upon  approximate  data,  the  average  number  of  actual  eruptions  of 
Volcanic  matter  at  2000  per  century,  or  20  per  annum, — a  result  which  har- 
monizes sufficientlv  with  the  preceding,  and  gives  support  to  the  commonly 
received  view  of  the  connected  nature  of  volcanic  and  seismic  phenomena. 

This  connexion  receives  further  conBrmation  from  the  facts  recorded  by 
t*errey  (*  Mem.  on  Chili,'  p.  201),  as  to  the  long  duration  there,  of  many 
earthquakes  of  a  character  much  more  violent  anadecisive  than  the  tremors 
long  continued,  at  Comrie,  East  Haddam,  &c.  He  mentions  earthquakes 
in  1647,  1730,  1751,  1819,  1822,  and  1833,  each  of  which  lasted,  with  little 
intermission,  for  several  months,  and  which,  from  other  sources  of  In- 
formation, seem  to  have  been  in  some  instances  contemporaneous  with  pro- 
longed activity  of  the  neighbouring  volcanic  regions. 

0/  Seismic  jBltiergy  in  relation  to  Season, 

I  DOW  proceed  to  such  disotusions  as  the  data  will  admit,  of  the  relatioot 
between  seismic  development  and  the  time  of  year.  In  Plate  VIII.  are  given 
the  curves  of  mensual  seismic  energy  obtained  from  the  entire  period  of  the 
catalogue^  thirty«two  centuries. 

The  northern  and  southern  hemispheres  of  observations  have  been 
sfepttfHted  fbr  the  following  reasons.  The  total  number  and  value  of  the 
observations  in  each,  present  great  disparity  between  them  respectively* 
We  are  enabled  graphicallv  to  present  5879  observational  results  for  the 
northern^  and  but  22S  for  the  southern  hemispheres ;  and>  for  convenienoey 
the  vertical  or  seismic  abscissa  of  the  former  is  on  a  scale  which  bears  to 
that  of  the  latter  the  ratio  of  100  :  1 ;  the  ordinate  of  time,  which  extends 
to  the  cycle  of  an  entire  year,  and  is  divided  and  marked  for  the  twelve 
months  in  order,  ie  the  same  for  both  figures.  As  the  monthsi  in  fact,  ln« 
voive  or  contain  the  seasons  of  the  year,  and  Indeed  all  other  divisions  of 
otif  solar  revolution,  and  as  the  latter  are  unlike  for  opposite  hemispheres^ 
otid  are  hereafter  to  be  compared^  such  subdivision  is  necessary. 

Examining  figs.  1  and  2,  Plate  VIII.,  we  find  in  the  northern  hemisphere 
tiie  anfiual  paroxysmal  minimom  in  July,  in  the  southern  it  appears  to  be 
in  March.  The  duration  of  this  miaimum  in  the  northern  extends,  with  no 
v«ry  oonslderable  fioctttatioB,  over  nearly  two  months,  and  suddenly  riigg 
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in  July;  in  the  southern  the  minimum  is  more  suddenly  arrived  at,  and  as 
suddenly  abandoned,  and  Jit  extends  over  less  than  one  month. 

If  we  take  May  and  June  as  one  minimum  in  the  northern,  we  have 
a  second  but  very  much  lower  one  in  September,  and  the  corresponding 
second  minimum  for  the  southern  hemisphere  in  August 

The  annual  paroxysmal  maximum  for  the  northern  hemisphere  is  di- 
stinctly in  January,  and  for  the  southern  in  November. 

January  and  March  are  second  maxima  in  the  southern,  as  August  and 
October  are  in  the  northern. 

Whatever  be  the  irregularities  month  by  month  however,  the  prepon- 
derance of  seismic  paroxysm  for  the  whole  twelve  months  lies  amongst  those 
that  form  the  winter  of  our  northern  hemisphere. 

In  Plate  IX.  figs.  1  to  6,  curves  are  drawn  for  mensual  energy,  for  several 
corresponding  periods  for  the  northern  and  southern  hemispheres.  Figs.  1 
and  2  indicate  these  for  the  whole  period  before,  and  for  sixteen  centuries 
after  the  commencement  of  our  era.  Here  the  northern  minimum  falb 
in  July,  and  a  second  minimum  in  October,  while  the  southern  mini- 
mum falls  in  April,  and  the  second  before  September,  approximating  thus 
to  accordance  with  the  curves  of  the  whole  catalogue,  but  less  "  prononc^es." 
Then  for  later  but  shorter  observed  periods,  figs.  3  and  4  give  the  mensual 
energy  for  a.d.  1700  to  1800,  and  figs.  5  and  6  for  a.d.  1800  to  1850,  being 
the  half  century  in  which,  for  convenience  of  comparison,  the  ordinate  of 
time  is  double  the  scale  of  the  other  figures,  the  whole  twelve  months  being 
represented  by  an  ordinate  of  equal  length  in  all. 

In  the  eighteenth  century,  then,  we  find  in  the  northern  hemisphere  the 
minima  less  distinct,  occurring  in  July  and  September,  and  the  maximum  in 
January,  with  a  second  maximum  between  October  and  January ;  and  in  the 
southern  hemisphere,  the  minima  about  March  and  September,  and  the 
maxima  in  May  and  December. 

Again,  in  the  first  half  of  this  nineteenth  century  we  have  (fig.  5)  the 
northern  minimum  in  June,  a  second  but  less  marked  minimum  between 
November  and  December,  and  the  maximum  again  in  January  and  Fe- 
bruary; while  in  the  southern  hemisphere  we  have  (fig.  6)  the  seismic 
minimum  in  March,  and  a  second  but  much  less  marked  one  between  July 
aud  August,  and  the  maximum  in  November,  with  feeble  indications  of  a 
second  slight  one  in  June. 

Such  are,  then,  the  results  of  our  monthly  discussion.  Comparing  both 
hemispheres,  they  show  several  points  of  general  agreement,  and  some  of 
decided  want  of  accordance.  Little  comparative  weight  can  be  ascribed  to 
the  few  observations  as  yet  made  in  the  southern  hemisphere,  where  so  large 
a  proportion  of  the  earth's  surface  is  covered  by  the  ocean,  and  where  so 
little  of  the  land  has,  until  a  very  late  date,  been  the  subject  of  observational 
^  record  at  all.  It  would  seem  warrantable  therefore  not  to  permit  any  such 
unaccordant  phenomena  between  the  two  hemispheres  to  obscure  the  strong 
presumption  which  the  facts  otherwise  support,  that  there  really  is  a  seismic 
paroxysm  in  the  months  forming  the  end  and  commencement  of  the  civil 
year.  It  may  not  have  a  natural  or  cosmical  basis,  it  nua/ possibly  be  one  of 
the  accidents  inseparable  from  an  observational  catalogue ;  but  both  this 
extended  catalogue,  and  nearly  all  the  partial  catalogues  of  others,  indicate 
it  as  a  fact,  and  one  not  absolutely  without  some  extraneous  support  in  the 
present  state  of  our  knowledge. 

When  we  group  the  consecutive  months  into  four  seasons,  spring,  summer, 
autumn,  and  winter,  and  reproduce  the  curve  of  seismic  energy  for  the  whole 
year,  and  separately  for  each  hemisphere  and  for  the  whole  period  of  the 
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catalogue,  the  same  relation  of  scale  as  before  (figs.  1  and  2,  Plate  VIII.) 
being   maintained  between  the  northern  and  southern  abscissae,  we  find 
some  of  the  apparent  anomalies  disappear.    In  fig.  1,  Plate  X.  the  curve  of 
season  for  the  northern  hemisphere  assumes  a  very  regular  forni)  and  gives 
a  decisive  minimum  for  the  summer  season  (in  May  and  June),  and  an 
equally  clear  maximum  for  the  winter  season  (in  December  and  January). 
In  fig.  %  Plate  X.  the  corresponding  curve  for  the  southern  hemisphere, 
however,  still  shows  two  maxima  and  two  minima,  the  maximum  at  the 
ciommeneement  of  winter,   with  second    maximum   at  midsummer;  the 
miniuia  in  spring  and  autumn  assuming  the  months  constituting  the  re- 
spective seasons  reversed  in  the  two  hemispheres.     It  must  be  borne  in  view, 
however,  that  the  base  of  induction  for  this  hemisphere  is  from  only  22S 
observations,  against  5879  in  the  northern ;  that  if  the  southern  curve  had 
been  drawn  to  the  same  vertical  scale  as  the  northern,  it  would  have  ap- 
peared to  the  eye  as  almost  a  straight  line ;  so  that  very  little  weight  is  to 
be  attached  to  the  discordance  it  appears  to  present  to  the  corresponding 
curve,  its  necessarily  exaggerated  scale  falsely  addressing  the  eye. 

In  fig.  3,  Plate  X.,  the  two  curves  preceding  are  combined,  but  to  the 
same  scale  of  vertical  or  of  sebmic  abscissa ;  and  the  result  shows  how  little 
in  reality  the  data  that  we  possess  as  yet  for  the  southern  hemisphere  are 
capable  of  modifying  the  facts  we  have  for  the  northern.  The  southern 
curve,  in  fact,  scarcely  alters  to  the  eye  the  preceding  northern  one ;  and 
the  new  curve  of  season  for  both  hemispheres  presents  still  the  winter  maxi" 
mum  and  summer  minimum. 

In  fig.  5,  Plate  X.,  a  curve  has  been  obtained  for  the  whole  period  of 
the  catalogue  and  for  both  hemispheres,  representing  graphically  all  recorded 
earthquakes  occurring  near  or  at  the  equinoxes  and  solstices  (the  critical 
epochs  of  Perrey  and  others)  within  a  limit  of  twenty  days,  t.  e.  ten  days  be^ 
fore  and  ten  days  after  each  equinox  and  solstice.  The  base  of  induction  is 
moderately  large,  the  catalogue  containing  the  following  numbers : — 

Vernal  equinox  (March  10 — 30) 310 

Summer  solstice  (June  11 — July  1) 254 

Autumnal  equinox  (Sept.  IS— Oct.  3)    249 

Winter  solstice  (Dec.  1 1—31) 318. 

This  we  may  call  the  equinoctial  and  solstitial  curve  of  comparative  seismic 
energy.  It  indicates  a  distinct  maximum  about  the  winter  sobtice,  and  an 
equally  distinct  minimum  rather  before  the  autumnal  equinox.  Taking  the 
average  of  the  whole  year  for  any  lengthened  period,  it  may  admit  of  much 
doubt,  whether  there  is  any  real  seismic  paroxysm  at  the  equinoxes  and  sol- 
stices, although  a  clear  preponderance  is  shown  by  our  catalogues  at  two  out  of 
the  four  annual  epochs  at  which  all  are  recorded ;  yet,  from  the  accordance 
of  Perrey's  results  with  those  given  by  this  much  larger  base  of  induction, 
we  cannot  put  aside  the  possibility  that  the  fact  may  have  a  cosraical  basis. 

The  most  direct  connexion  in  such  case  that  we  should  expect  to  find, 
with  other  ascertained  periodical  phenomena,  would  be  with  the  annual 
march  of  the  barometer.  In  fig.  4,  Plate  X.,  the  annual  curves  of  mean 
mensual  barometric  pressure  are  laid  down  to  the  same  scale  of  ordinate  for 
time  as  the  equinoctial  and  solstitial  seismic  curve  below  {^g.  5),  giving  the 
variation  in  atmospheric  pressure  for  places  in  several  and  distant  latitudes, 
Macao,  Havanna,  Calcutta,  Benares ;  and  in  Europe,  Halle,  St.  Petersburg, 
Berlin,  Paris,  and  Strasburg, — the  curves  themselves  having  been  reduced 
from  those  of  MM.  Buch,  Dove,  and  Kaemtz. 

On  comparing  these  barometric  curves  with  the  seismic  one,  an  obvious 
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0imilarity  addresses  the  eye.  Is  there  any  real  reiatioQ,  however?  In 
the  First  Report  (1850),  p.  68,  &q^  I  have  treated  of  the  relations  of 
atmospheric  pressure  with  earthquakes,  and  at  p,78  have  indicated  a  possible 
link  of  connexion  of  a  direct  character  between  thein>  and  shown  how  it  is 
conceivable  that  local  increase  of  barometric  pressure,  and  diminution  simuU 
taneously  elsewhere,  may  conspire  with  other  conditions  to  bring  on  voloaqio 
aption,  and  hence  earthquake;  and  Perrey  has  hinted,  in  his  memoir  on  France, 
p.  98  (4to),  at  some  relation  between  his  seismic  mensual  curves  for  Italy  and 
Europe,  having  a  minimum  in  November,  and  Dove's  barometric  curves, 

?;iven  in  Pogg.  Ann.  for  1843,  pp.  177, 201,  which  show  something  analogous 
guefque  chose  ^analogue).  Here  we  observe  (comparing  figs.  4  and  S)  the 
barometric  minima  very  closely  correspond  with  the  seismic  minima,  and 
vice  versdn  Bearing  in  mind  the  fact,  that>  as  the  sun  gets  nearer  the  zenith 
with  the  advance  of  spring  and  summer,  the  barometer  falls,  and  that  taking 
the  whole  earth  together,  the  atmospheric  pressure  is  less  over  those  portiona 
of  its  surface  where  it  is  summer,  and  greater  over  those  where  it  is  winter; 
and  that  these  differences  of  pressure  are  greater  In  general  as  the  latitude 
is  lower,  so  that  simultaneously  that  hemispheric  surface  of  the  globe  which 
is  at  the  time  most  heated  by  the  sun  is  also  least  pressed  upon  bv  the 
atmosphere,  and  vice  versa ;  it  seems  warrantable  to  presume  a  oosmioal  and 
even  a  possibly  direct  connexion  between  the  two  phenomena;  and  this 
receives,  again,  some  support*  from  the  fact  (though  not  without  large 
exceptions),  that  on  the  whole  the  great  earthquake  bands  of  the  world  pass 
through  low  latitudes,  where  these  barometric  and  thermic  fluctuations  are 
most  developed. 

It  would  be  worse  than  useless,  however,  to  speculate  minutely  upon  the 
physical  relations  of  those  facts,  in  the  present  imperfect  state  of  our  know- 
ledge of  their  connexion. 

The  attempts  which  I  have  made  to  ascertain  an  absolute  relation  in 
number,  from  any  discuasion  of  the  Catalogue,  between  the  recurrence  of 
seismic  paroxysm  at  the  equinoxes  and  solstices,  and  at  an  equal  period  of 
twenty  days  throughout  the  whole  range  of  time,  have  been  nugatory  ;  it  is 
impracticable  to  extricate  a  result,  in  which  any  confidence  could  be  reposed, 
from  the  observational  expansion  and  irregularities  with  the  advance  of 
time. 

We  must  not  be  discouraged,  however,  that  after  the  vast  labour  bestowed 
by  so  many,  upon  cataloguing  earthquakes  and  discussing  the  results,  we 
find  these  do  not  bring  us  even  to  the  threshold  of  positive  knowledge,  and 
that  the  main  reward  of  toil  so  far,  is  the  having  cleared  away  rubbish,  and 
at  length  ascertained  how  far  lists  of  facts,  such  as  have  been  hitherto  com^ 
piled  from  the  best  available  materials,  are  of  any  further  use.  General 
Sabine,  in  his  Introduction  to  vol.  iii.  of  the  *  Magneticai  and  Meteorological 
Observations  made  at  Toronto,'  p.  vii.,  when  narrating  the  former  state  of 
magneticai  science  as  compared  with  its  present  position,  says,  "  a  few  of  the 
German  observers  had  begun  to  note  the  disturbance  of  the  horiaontal  force ; 
but  as  yet  no  conclusions  whatsoever  as  to  tlieir  laws  had  been  obtained :"  in 
the  words  of  the  Report, "  the  disturbances  apparently  observe  no  law,"  Such 
may  almost  be  said,  as  to  our  present  knowledge  of  the  distribution  of 
earthquakes  in  time  and  in  space,  as  referable  to  any  natural  law.  Wet 
know  how  the  position  of  terrestrial  magnetism  has  become  altered  aince 
the  time  referred  to  above  by  one  of  its  best  promoters ;  let  us  ei^pect  the 
same  for  seismology,  and  await  with  hope  the  rich  flood  of  light  that  its 

1"  See  also  Myhi^  British  Sarth^uskes,  KcUa-  Phil,  Joora.  vol  im. 
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kwf,  when  onoe  reaehed,  mutt  ahed  upon  terreitml  physica.  The  period 
of  mere  oataloguiog  (like  that  of  foasil.list  maicing  in  the  earlier  geology) 
wema  now  paat ;  we  must  give  it  up,  and,  in  the  words  of  Hersohel,  <<  we 
must  BOW  grapple  with  the  palpable  phenomena,  seeking  means  to  reduoe 
their  features  to  measurement,  the  measures  to  laws,  the  laws  to  higher 
generalizations,  and  so,  step  by  step,  adrance  to  causes  and  theories." 
(Address,  Camb.  1845.) 

Many  cases  are  recorded  in  the  Catalogue  of  Earthquakes,  of  shocks 
oeourring  at  two  very  distant  places  upon  the  earth's  surface,  but  felt  simul- 
taneously, or  nearly  so,  at  both.  The  coincidence  in  time  is,  for  all  very 
distant  places,  rendered  extremely  doubtful,  from  errors  of  observation  and 
of  docks,  and  of  their  reduction  for  difference  of  longitude  when  the  places 
are  not  on  the  same  meridian. 

Milne  also  has  collected  several  such  instances ;  for  example**- 

February    1750... England  and  Italy. 

March         1750... England  and  Italy. 

May  1 750. . .  England  and  Calabria. 

August        1750... England  and  European  Turkey. 

February    1756..  England  and  Central  France,  Holland  and  the  Rhine. 

November  1756... Scotland  and  Malta. 

January      1768... Shetland  and  Central  England. 

December  1789... Edinburgh  and  Florence. 

February    1816. ..Great  Britain  and  Sicily. 

September  1 833... England  and  Peru. 

August       1 884... Scotland  and  Italy. 

September  1834... England  and  Peru. 

In  these,  however,  the  coincidence  in  time  cannot  be  assured  within  several 
hours  ;  and  it  must  be  admitted,  with  Mylne,  that  the  probability  of  any» 
thing  more  than  mere  coincidence  is  extremely  slight. 
In  1840-41  he  found  three  shocks  of  this  character :  viz. 

March  1840 Scotland  and  Germany. 

June     1841 Terceira  and  St  Louis. 

July      18^41 Scotland  and  France* 

(Edin.  Phil.  Journ.  xxxi,  to  xxxvi.) 

A  few  such  instances,  that  possess  a  closer  approximation  in  time  and 
some  additional  probability  of  actual  coincidence,  have  been  extracted  from 
the  Catalogue,  and  have  been  drawn  in  the  diagram  (Plate  Xbis^  to  scale,-^ 
those  which  had  horizontal  components  of  motion  in  the  meridians  N.  to  S. 
or  S.  to  N.  being  placed  at  the  right  and  left  sides  of  the  great-circle  section 
of  the  globe ;  and  those  with  horizontal  movement  E.  and  W.  or  W.  and  E., 
placed  above  and  below. 

Right  lines  connecting  the  supposed  distant  points  of  coincident  shock  by 
chonk  of  the  circle,  would  probably  pass  through  the  origin  or  centre  of 
disturbance  common  to  both  places  on  the  surface.  The  origin  might  be 
deeper  to  any  extent,  and  pombiy  sonmohat  nearer  the  surface,  at  least  in 
the  casej  of  the  longer  chords.  Were  any  reliance  to  be  placed  upon  these 
ooincidences,  some  of  them  would  thus  give  a  depth  of  origin  of  about  800 
miles  below  the  surface.  None  of  those,  however,  that  appear  to  have  any 
satisfactory  evidence  of  a  real  connexion  in  time  and  in  origin^  suggest  a 
depth  for  the  latter  of  even  one-tenth  that  amount.    All  our  other  know* 
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ledge,  both  of  seismic  and  volcanic  phenomena,  leads  to  the  conclusion  of 
foci  very  much  nearer  the  existing  surface ;  and  the  diagram  may  be  re- 
garded as  conclusive  evidence  that  these  presumed  coincident  earthquakes 
at  very  distant  points,  even  if  proved  simultaneous,  are  unconnected,  and 
have  different  origins. 

In  the  most  singular  case  on  record,  that  of  Ochotzk  and  Quito,  places 
nearly  antipodal,  the  common  origin  would  actually  be  in,  or  not  remote 
from,  the  earth*s  centre ;  and  it  is  not  conceivable  that  the  shock,  which,  if 
sufficiently  powerful,  must  in  such  cases  be  felt  nearly  simultaneously  over 
the  whole  globe,  should  have  been  confined  to  the  two  extremities  of  a  single 
diameter. 

In  recapitulation,  it  may  be  convenient  to  give  in  numbers^  for  occasional 
reference,  a  few  of  the  salient  results  of  the  distribution  in  time,  already 
graphically  dbcussed : — 

No.  of         No.  of 
Earthqaakes.      Years. 

Total  number  of  recorded  earthquakes  up  to  a.d 58  1700 

Total  number  from  a.d.  to  end  of  the  ninth  century  . .    197  900 

Total  number  from  the  beginning  of  the  tenth  to  the 

end  of  the  fifteenth  century 532  600 

Total  number  from  the  beginning  of  the  sixteenth  to 

the  end  of  the  eighteenth  century 2804-  300 

Total  number  from  beginning  of  nineteenth  century  to 

the  end  of  the  year  1850 3240  50 

Total  Catalogue 6831 

The  number  of  great  earthquakes  (t.e.  those,  as  already  defined,  in  which 
whole  cities  and  towns  have  been  reduced  to  rubbish,  many  lives  lost,  &c.) 
have  been  but  imperfectly  exhibited  graphically,  and  not  at  all  for  the  later 
centuries,  from  their  too  frequent  recurrence  making  their  notation  diflUcult 
or  confused  ;  they  are  here  given  numerically. 

Number  of  great  earthquakes  from  third  century  b.c.  to  beginning  of 
our  epoch 4 

Number  of  same  from  a.d.  to  the  end  of  the  ninth  century 15 

Number  from  beginning  of  the  tenth  century  to  the  end  of  the  fifteenth 
century 44 

Number  from  beginning  of  the  sixteenth  century  to  the  end  of  the 
eighteenth  century 100 

Number  from  beginning  of  the  nineteenth  century  to  1850 53 

Total 216 

If  we  double  the  last  number  but  one,  to  embrace  the  entire  100  years,  the 
correspondence  between  the  results  for  the  two  last  periods  is  remarkably 
close,  viz.  100  and  106, — and  although  the  series  is  still  an  expanding  one, 
yet  as  the  numbers  for  the  16th  and  17th  centuries  are  not  large;  it  is 
probable  that  for  the  last  150  years  at  least,  our  news  of  all  great  earthquakes 
have  been  complete,  and  the  cataloguing  of  them  perfect,  showing  that  at 
present  we  may  calculate  upon  1'37 — say  1*4,  or  nearly  1^  recurrences  of 
great  and  disastrous  earthquakes  every  year,  at  some  one  or  more  places  on 
the  cartirs  surface,  or  one  great  earthquake  disaster  every  ^Ju  months* 
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Tbe  total  number  of  earthquakes,  classed  by  months,  is  as  follows : — 


Northern. 

Southern. 

Seasons, 
North. 

Seasons, 
South. 

J&nu&ry 

627 
539 
503 
489 
438 
428 
415 
488 
463 
5J6 
473 
500 

19 
14 
9 
17 
20 
19 
18 
12 
17 
25 
32 
21 

1669 
1355 
1366 
1489 

42 

56 
47 

78 

February    

Mart:h    

April 

May :.:. 

Jane 

July  

August  

September 

October 

November 

December 

Totals 

5879 

223 

5879 

223 

Total  of  Catalogue  for  both  hemispheres  capable  of  meusual 

classification 6102 

Total  of  unclassed,  except  as  to  annual  date   «...      670 

Total  number  catalogued 6772 

of  which,  there  are  recorded  by  season  only — 

Spring    6 

Summer 7 

Autumn 7 

Winter    5 


Total. 


25 


January,  February,  and  March  have  been  taken  for  the  spring  of  the 
Northern  Hemisphere,  and  for  the  Southern,  July,  August,  and  September. 

From  the  commencement  of  Catalogue  to  a.d.  1700,  the  recorded  earth- 
quakes in  the  northern  hemisphere  are  to  those  in  the  southern,  940  :  21, 
or  as  44*3  :  1.  Again,  from  a.d.  1700  to  1800,  the  northern  are  to  the 
southern,  1883  :  57,  or  33  :  1 ;  and  from  the  year  1800  to  1850,  or  conclusion 
of  the  Catalogue,  the  northern  are  to  the  southern,  3076  :  145,  or  21*2  :  1, — 
a  further  indication  of  the  effect  upon  any  such  statistic  record,  of  the  march 
of  human  discovery,  the  last  fifty  years  having  brought  into  play  the  vast 
seismic  regions  of  the  Southern  Ocean  and  South  Pacific,  before  all  but  un- 
knoi^n.  The  observed  earthquakes  in  the  Southern  Hemisphere  may  now 
be  estimcUed  at  from  43  to  50  per  century,  or  one  every  two  years*  (See 
Appendix,  No.  II.). 

DistribuUon  in  space* 

Such  are,  perhaps,  all  the  legitimate  conclusions  that  we  can  now  come 
to  on  the  distribution  in  historic  time  ;  and  we  now  proceed  to  the  discussion 
of  the  Catalogue,  with  respect  to  their  distribution  in  space  upon  the  surface 
of  our  earth.  The  method  adopted,  was  that  of  graphically  reproducing 
the  area  of  each  recorded  earthquake  by  the  superposition  of  coloured  tints 
upon  a  large  Mercator's  map  of  the  world.  The  map  chosen  for  use  was 
that  arranged  by  J.  Purdie,  and  published  by  Laurie,  London,  1851, — the 
dimensions  being  75  inches  by  48  inches,  which  admitted^  from  its  large 
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size,  of  parfeot  eleameM  and  accuracy  in  the  laying  down  the  most  complex 
localities,  and  those  in  which  the  shocks  are  most  numerous.  This  has  been 
reproduced  to  a  much  reduced  scale  (Plate  XI*)*  to  accompany  the  present 
Report ;  but  although  executed  with  much  skill  and  care,  by  the  lithographer 
and  engraver,  I  find  with  regret  that  its  small  bize  has  rendered  a  perfectly 
accurate  transcript  of  the  original  impracticable,  and  that  a  very  imperfect 
notion  of  the  latter  is  conveyed  by  the  reduced  map. 

Strictly,  the  limits  of  every  earthquake  are  completely  indeterminate ;  and 
were  our  globe  perfectly  solid,  homogeneous,  and  elastic,  no  limits  but  its 
own  could  be  assigned  to  any  shock  from  whatever  centre  originating.  The 
practical  limit  (so  to  speak)  is,  however,  where  the  movement  has  become 
insensible  without  instrumental  aid  ;  for  such  have  been  all  the  observations 
dealt  with  in  our  Catalogue.  This  frequently  embraces  enormous  surface- 
areas  ;  but  these  seldom,  perhaps  nowhere,  are  symmetrically  posited  round 
the  centres,  or  presumed  centres,  of  disturbance. 

We  are  not  concerned  here  with  any  of  the  smaller  or  local  circumstances 
that  modify,  in  different  radii  traced  from  any  seismic  centre,  the  effects, 
and  the  directions  and  distances,  to  which  they  are  sensibly  transferred,  but 
merely  with  some  of  the  greater  and  constant  conditions  (for  the  same  region) 
in  which  some  of  the  great  natural  features  of  the  earth's  surface  perma- 
nently modify  or  limit  the  transference  and  area  of  transfer  of  earthquake- 
waves  transmitted  from  adjacent  centres.  Thus,  along  the  whole  chain  of 
the  South  American  Andes,  the  propagation  of  shock  is  greatly  more 
towards  the  west  than  to  the  eastward,— -the  highest  crests  and  intermediate 
valleys  forming  a  rude  sort  of  limit,  beyond  which,  to  the  eastward  and  into 
the  heart  of  the  table-land  of  the  continent,  shocks  felt  with  destructive 
effect  down  to  the  shores  of  the  Pacific  are  propagated  with  greatly  di- 
minished force,  or  rather  are  so  felt  upon  the  surfkce. 

Again,  to  take  another  large  example,  the  Northern  Indian  earthquakes, 
whose  origin  is  in  Nepaul  and  along  the  central  Himalayan  axis,  are  pro- 
pagated southwards  and  westwards  into  the  great  plain  of  India,  far  more 
than  northwards  into  th^  enormous  mass  of  table-land  of  Central  Asia. 
We  are  at  this  moment  not  concerned  with  the  causes  of  this,  but  simply 
with  the  fact,  that  in  these  examples,  and  in  several  analogous  instances,  it 
is  a  matter  of  observation  that  certain  great  natural  features  of  the  earth's 
surface  and  material)  do  modify  the  forms  of  the  surface-areas  shaken, 
and  render  them  unsymmetrical,  shortening  the  radii  in  one  direction, 
lengthening  them  in  another;  so  that  the  area,  which  in  a  more  homo* 
geneous  mass  would  approach  a  circular  or  elliptic  form,  tends  to  an  elon- 
gated, linear,  or  irregular  outline. 

In  laying  down,  then,  the  forms  and  sensible  area  of  shock  of  each  earth- 
quake catalogued  (and  often  necessarily,  from  the  imperfect  data  alone 
afforded),  the  following  rules  were  adhered  to  :^* 

P.  When  the  form  and  sensible  limits  of  the  shaken  area  were  ascertain- 
able from  the  narratives,  they  were  adopted. 

2^  When  these  were  wanting,  as  in  the  great  mass  of  cases  recorded,  then, 
as  respects  form,  the  physical,  geological,  or  other  conditions  of 
each  area,  known  to  modify  the  distant  propagation  of  shock,  were 
attended  to. 

S°.  As  respects  sensible  area,  when  this  could  not  be  ascertained  for 
any  one  diameter  of  the  shaken  area,  from  the  narratives,  certain 
arbitrary  conventional  rules  (founded  upon  a  natural  basis,  however) 
were  resorted  to. 
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The  method  of  eoloaring  therefore  wm  tfait.  The  whole  of  the  recorded 
earthquakes  of  the  Catalogue  were  subdivided  preliminarily,  with  as  careful 
a  judgment  as  possible,  into  three  great  classes  :-— 

I''.  Great  earthquakes,  being  those  in  which,  over  large  areas,  numerous 
cities,  &c„  were  overthrown^  multitudes  of  persons  killed,  rocky 
masses  dislocated,  and  powerful  *<  secondary  effects"  produced. 

2°.  Mean  eai  tbquakes,  or  those  which,  although  perhaps  having  a  wide 
superficial  area,  were  recorded  to  have  produced  much  less  destruo-" 
tive  effects  upon  cities,  &c^  and  little  or  no  changes  upon  natural 
objects,  and  scarcely  any  loss  of  life. 

3^  Minor  earthquakes,  limited  to  those  which,  although  sensible  and 
producing  in  their  full  development  some  effects  (fissures,  &c.)  upon 
buildings,  did  not  affect  natural  objects  at  all,  and  left  few  or  no 
traces  of  their  occurrence  after  the  shock. 

Of  the  first  class,  the  great  Lisbon  shock  of  1755  may  be  taken  as  a 
familiar  type.  Of  the  second,  examples  are  frequent  over  Central  Europe 
and  the  Mediterranean  basin,  Southern  Asiatic  Russia,  &c.  And  of  the 
third  class  we  find  notices  almost  daily  from  every  quarter. 

As  respects  the  very  smallest  development  of  this  class,  namely,  the  con-* 
tinuous  tremors  of  Comrie,  Pignerol,  &c.  &c.,  they  were  grouped  mto  single 
shocks  upon  the  same  method  as  described  previously  for  their  discussion  as 
to  distribution  in  time. 

To  distinguish  these  three  classes  upon  the  map,  three  different  inten** 
slties  of  water-colour  tint  were  prepared — all  from  the  same  colour  (red 
ochre  and  Indian  yellow).  The  first  and  most  intense  having  been  decided 
to  designate  the  first  class,  that  for  the  second  was  obtained  of  one-third 
the  intensity,  by  dilution  with  three  volumes  of  water ;  and  the  third  by 
dilution  of  the  second  with  three  volumes  again, — the  intensities  of  the 
three  tints  being  therefore  as  the  numbers  1,  J-,  and  h  or  9»  3i  and  1.  A 
single  wash  or  application  of  the  tint  relative  to  its  class,  upon  the  given 
looailty,  designated  each  earthquake  when  laid  down  on  the  map;  and 
the  form  or  boundary  of  the  tint,  when  not  to  be  had  historically,  being 
ruled  by  physical  considerations  as  already  briefly  described,  the  exlerU  or 
ntperJUneU  area  of  the  tint  (when  not  derivable  from  the  narratives),  was 
arbitrarily  fixed  by  the  following  rule : — 

4<>*  The  extreme  radius  of  great  earthquakes  (1st  class)  was  assumed  equal 
to  9^  or  about  540  geographical  miles ;  that  of  the  2nd  class  at  3% 
or  180  geographical  miles ;  and  that  of  the  3rd  at  a  tingle  degree,  or 
60  geographical  miles. 

These  were  determined  from  the  consideration  that  our  records  give, 
when  viewed  with  a  broad  glance  and  apart  from  physical  and  local  limiting 
conditions  of  a  powerfullv  disturbing  character ;  i.  e.  when  the  area  of  dis- 
turbance has  had  a  sensible  surface-boundary  approaching  to  an  irregular 
circle  or  ellipse, — ^a  sensible  diameter  of  about  1000  to  1200  miles  for  great 
earthquakes,  and  about  400  for  those  of  our  second  class,  those  minor 
ones  of  the  third  seldom  extending  to  above  100  or  150  miles  in  diameter. 

In  the  case  of  the  enormous  surface-areas  of  the  first  class,  however,  it 
has  rarely  been  necessary,  in  the  later  years  of  the  catalogue  period,  to 
make  use  of  this  convention  at  all,  the  historic  boundaries  being  usually 
attainable.  These  in  many  cases  comprise  areas  of  surprising  extent :  thus 
the  great  Nepaul  earthquake  of  1833  extended  sensibly  over  7^  lat  by 
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15^  long.,  a  surface  four  times  that  of  Great  Britain,  and  twice  and  a  half 
that  of  France. 

The  Cutch  earthquake  of  1819  extended  from  £.  to  W.  5^  and  from 
N.  to  S.  6^,  though  its  dimensions  in  latitude  are  rather  ill-defined.  ('  Asiat. 
Joum.'  vol.  xii.  n.  s.) 

The  Lisbon  (1755)  earthquake,  and  a  few  of  those  of  the  Malayan  and 
Calabrian  groups,  and  of  South  America,  were  sensible  in  certain  surface- 
radii  or  great  circles  over  18%  or  perhaps  even  20° ;  but  these  are  the  extreme 
developments  of  our  first  class,  and  their  limits  historical,  and  therefore  not 
affecting  the  preceding  conventions.  Some  earthquakes  recorded  in  the 
catalogue  it  was  necessary  to  omit  laying  down  upon  the  map  at  all,  inasmuch 
as  no  sufiicient  data  could  be  gathered  to  fix  a  probable  local  surface  centre, 
nor  any  information  as  to  the  comparative  energy  of  the  movement  For 
example,  some  earthquakes  (though  but  few)  will  be  found  catalogued  as 
"  in  China,*'  "  in  Libya,"  &c.,  with  scarcely  any  particulars  given.  These 
omissions  are  not  sufiSciently  numerous  to  affect  the  main  result. 

Besides  these  inseparable  elements,  volcanic  and  seismic  phenomena,  an- 
other intimately  related  phenomenon  has  been  marked,  as  far  as  the  data 
enable  it  Those  tracts  of  the  earth's  surface  which  have  been  presumed, 
with  more  or  less  probability,  to  be  in  slow  process  of  subsidence  to  a 
lower  level,  are  marked  by  blue  tints,  the  boundaries  of  which  are  un- 
defined to  a  great  extent.  These  embrace  the  coral  tracts  of  Darwin,  the 
west  coast  of  Greenland,  and  a  small  tract  of  the  southern  shores  of  the 
Baltic  All  minor  subsiding  areas  close  to  or  in  the  midst  of  volcanic  centres 
(such  as  the  shore  of  Italy  near  Naples)  are  unnoticed,  as  such  changes  of 
level,  due  to  the  immediate  action  of  adjacent  valcanoes,  are  almost  per- 
petual, and,  in  proportion  to  its  state  of  activity,  &c.,  common  to  every  such 
area  over  the  globe. 

On  examining  the  Mercator  map  (Plate  XII.),  then,  upon  which,  subject 
to  the  above  rules,  the  whole  Catalogue  has  been  graphically  represented  by 
tinting,  it  is  to  be  remarked  that — 

1.  The  whole  of  the  earth's  surface  known  to  be  subject  to  earthquakes 

will  be  found  tinted  more  or  less  intensely. 

2.  The  most  deeply  tinted  surfaces  mark  the  places  where  either  the 

number,  or  the  intensity,  or  both,  of  successive  earthquakes  are  the 
greatest. 

8.  Whether  at  any  one  point  the  depth  of  tint  be  due  to  number  or  to 
intensity,  and  the  relation  between  these,  may  be  found  by  reference 
to  the  Catalogue  itself. 

4.  The  shading-off  or  evanescence  of  tint  towards  the  extreme  sensible 
limits  of  the  seismic  (coloured)  regions  over  the  whole  map  is  due 
(not  to  shading  or  evanescence  of  colour  in  the  artist's  sense,  but) 
to  the  superposition  of  tints  only  upon  the  principles  already  ex- 
plained. Hence  it  follows  (admitting  the  two  conventions  made,  as 
to  intensity  and  area,  and  the  partial  extent  to  which  these  in- 
fluence the  results  historically  gotten),  that  the  tinting  upon  this 
seismographic  map  does  as  truly  represent,  over  our  earth,  the  known 
seismic  regions  in  form  and  extent,  and  the  relative  intensities  and 
successive  developments  of  seismic  action  therein,  as  the  contour 
lines  of  a  contoured  map  represent  the  forms  of  irregular  suriaces, 
and  the  rate  of  inclination  of  the  slopes  and  valleys  by  their  ap- 
proximation or  separation;  or  as  truly  as  (upon  certain  engraved 
maps,  eg.  Irish  Railway  Commission  of  Ireland  and  some  German 
ones)  the  relative  heights  and  rapidity  of  rise  of  mountain  chains  aro 
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graphically  represented  by  multiplying  the  engraved  lines  that  pro- 
duce the  shades  (or  tints)  in  the  joint  ratio  of  the  heights  and  rates 
of  slope,  i.e.  as  the  sines  of  the  angles  upon  a  given  base. 

I  therefore  venture  to  present  this  map  as  more  than  a  mere  picture — as 
being,  in  fact,  a  first  approximation  to  a  true  representation  of  the  distri- 
bution of  earthquake  forces,  so  far  as  they  are  yet  known,  over  the  surface 
of  our  world. 

The  volcanoes  (including  fumaroles  and  solfataras)  are  shown  by  black 
dots,  and  all  that  are  known  to  be  in  activity,  or  are  recorded  to  have  been 
80,  or  from  other  evidence  may  be  presumed  to  have  been  so,  within  the 
historic  or  late  geologic  periods,  have  been  represented,  from  the  authorities 
of  Johnston,  Berghaus,  V.  Hoff,  Daubeuy  and  others. 

The  exactitude  of  the  number  of  volcanic  vents  along  the  great  lines  of 
foci,  is,  however,  less  important  to  our  object  than  the  marking  in  of  isolated 
volcanoes. 

Let  us  now  examine  our  map  in  detail,  and  see  what  it  can  teach  us,  taking 
for  the  starting-point  of  our  seismic  survey  the  meridian  of  Greenwich,  the 
central  point  nearly  of  the  dry  land,  and  passing  eastward  in  our  review. 
But  first  let  us  notice  some  points  in  the  physical  features  of  the  earth's  sur- 
face. Of  the  111,000,000  of  square  miles  of  ocean  (in  round  numbers) 
covering  three-fourths  of  the  surface  of  our  globe,  the  greater  part  is  to  us  a 
blank,  so  far  as  direct  observation  is  concerned,  the  exceptions  being  the 
Atlantic  with  a  part  of  the  Southern  Ocean  from  about  10^  S.,  northwards, 
and  of  the  Northern  Ocean  up  to  nearly  70°  N., — nearly  all  other  marine 
seismic  observations  being  in  connexion  with  centres  upon  adjacent  land. 

We  see  these  enormous  pelagic  areas,  consisting  of  irregular,  saucer- 
shaped,  shallow  depressions,  bounded  by  fiowing  coast-lines  which,  by  the 
connecting  points  of  oceanic  banks  and  islets,  we  can  generally  unite  into 
closed  curves,  forming  thus  distinct  but  inosculating  basins — of  which  the 
Northern  and  Southern  Pacific  together  form  the  largest  example.  Those 
vast  but  comparatively  very  shallow  depressions  may,  when  viewed  in  indi- 
vidual detail,  be  subdivided  into  smaller  shallow  concavities  by  banks  and 
shallows  below  the  ocean  surface.  But  each  great  oceanic  saucer,  bounded 
by  the  existing  continents  and  their  fragmentary  outliers,  presents  an  almost 
continuous  fringe  around,  of  mountain-chains  and  volcanic  foci.  Thus,  start- 
ing from  Mount  Elias,  long.  141°  W.,  lat  60°,  at  the  northern  extremity  of 
the  Pacific,  we  find  a  scattered  chain  of  volcanoes  along  the  west  coast  of 
North  America,  with  a  continuous  bounding  coast  line  of  mountains.  South 
of  the  gulf  of  California,  the  Mexican  and  Central  American  volcanoes,  with 
those  of  the  South  American  Andes,  carry  on  a  closely  linked  chain,  sJmost 
to  its  southern  extremity.  Here  the  volcanoes  of  Tierra  del  Fuego  trace  the 
line  on  towards  that  of  Graham's  Land,  where  it  plunges  into  the  unknown 
r^ons  of  the  Antarctic  continent 

Returning  to  the  extreme  north  again,  from  Mount  Elias,  we  have  the 
almost  unbroken  line  of  mountain  and  volcano  of  the  Aleutian  Archipelago ; 
carried  down  through  the  great  elevated  peninsula  of  Kamtschatka,  the  Kurile 
Isles,  Jesso,  Japan,  the  Philippines ;  and  to  the  north  of  New  Guinea  by  its 
volcanoes  and  those  of  N^w  Britain,  the  Solomon  Isles,  Egmont,  New  He- 
brides, New  Caledonia,  and  New  Z^and,  to  the  Antarctic  ice  again  at  the 
Balleny  Islands  and  Buckle  Volcano — a  connected  belt,  with  the  exception 
of  the  unknown  Antarctic  region,  round  its  vast  pelagic  circuit.  Within 
this  the  subordinate  or  secondary  basins  are  marked,  though  lets  distinctly, 
by  lines  of  volcanic  foci :  thus  from  Japan  to  New  Ireland  through  the 
llfidrone  IsUnds,  a  distinct  though  sparse  line  of  volcanoes  cuts  off  the  basin 
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(nearly  one^half  the  area  of  Africa)  bounded  on  the  north  by  Japan,  and  on 
the  west  by  the  Phih'ppines. 

From  lat.  30°  S.,  a  sub-oceanic  crest-line  of  shallows  appears  to  spur  off 
eastward  from  the  volcanic  foci  of  New  Caledonia  and  New  Zealand,  and, 
trending  westward  and  a  little  northward  through  the  Tonga»  Society,  Mar- 
quesas, and  Gallapagos  Islands,  connected  by  continuous  banks,  joins  the  Cen- 
tral American  group  of  volcanoes,  thus  cutting  the  great  ocean  basin 
nearly  into  two  secondaries,  each  of  which  is  probably  in  a  less  marked  man- 
ner subdivided, — the  northern  sub-basin,  by  a  line  through  Christmas  and 
the  Sandwich  Islands,  to  some  point  of  the  volcanic  group  of  the  Audrea- 
nofsky  Islands  in  the  Atlantic  Archipelago,  making  in  its  course  a  wide 
sweep  to  the  east  and  north  through  an  almost  continuous  chain  of  isles  and 
banks;  and  the  southern  sub-basin  by  a  line  from  the  Society  Islands 
through  Easter  Isle  and  Juan  Fernandez,  and  combining  with  the  great 
Chilian  volcanic  chain  at  its  eastern  extreme. 

A  vast  iissure  (noticed  by  Humboldt),  and  marked  by  an  almost  continuous 
line  of  volcanic  vents,  extends  in  a  direction  nearly  east  and  west,  right  across 
Mexico,  between  lat.  N.  18°  and  19^  It  is  nearly  500  miles  in  length*  Its 
main  direction,  if  produced,  bears  upon  the  volcanic  island  of  Rerillegigedo, 
and,  as  Humboldt  also  thinks,  probably  extends  to  Mouna  Roa,  in  the  Sand- 
wich Islands.  The  Mexican  extremity  of  this  enormous  crevasse  probably 
marks  the  continental  end  of  one  of  the  great  dividing  ridges  of  the  sub- 
basins  of  the  Pacific. 

Within  the  great  Pacific  Basin  will  be  found  (tinted  blue)  most  of  those 
great  areas  of  probable  subsidence  indicated  by  Darwin"".  These  bands  will 
be  observed  occupying  the  great  sub-basins  of  the  ocean,  not  very  distant 
from  great  volcanic  lines,  and  although  not  (with  our  present  imperfect 
knowledge  of  soundings)  quite  free  from  the  suspicion  of  occasionally  inter- 
secting such  lines  (e.  g.  Marquesas  and  Society  Islands,  Ladrone,  and  New 
Guinea),  yet,  on  the  whole,  keeping  surface  positions  intermediate  to  the 
volcanic  cinctures  aiiyoining  or  around  them. 

Less  distinctly  we  may  trace  the  cincture  of  mountain-  and  volcanic  chain 
around  the  shallower  Atlantic  basin,  and,  through  it,  upon  the  submarine 
elevations  dividing  its  sub-basins.  Thus,  starting  from  Iceland ;  the  Ferro 
Isles,  Scotland,  and  the  mountains  of  Wales  and  England  (with  the  breach 
of  the  English  Channel,  a  narrow  line  in  relation  to  the  scale  of  our  present 
survey),  Uie  Hhenish-German  chains,  the  French  and  Western  Alps,  the 
Pyrenees,  to  Cape  Finisterre  and  the  coast  of  Portugal,  connect  bv  the 
Azores,  and  by  innumerable  submarine  rocks  and  shoab,  across  to  New- 
foundland. Here  the  lines  to  the  northward  may  be  pronounced  unknown^ 
until,  returning  back  to  Iceland,  we  find  it  approximates  to  the  point  we 
left  through  the  great  igneous  and  abrupt  coast-line  of  Greenland. 

In  connexion  with  this  oceanic  basin,  we  have  two  probably  subsiding 
tracts  of  land — the  one  in  Davis*s  Straits,  the  other  in  the  Baltic-^both  tinted 
blue. 

The  Central  Atlantic  forms  a  well*marked  basin  girded  with  volcanoes  and 
mountain-ranges.  Leaving  the  last  stated  boundary-line  at  Newfoundland^ 
and  going  again  eastward  to  the  Azores,  thence  through  Madeira  to  the 
Canary  Isles,  the  Cape  de  Verds  and  including  the  great  sub-oeeanic  vol- 
oanio  region  between  15°  and  80°  long.  W.,  and  lat.  3°  N.  to  10°  S.,  going 
westward  by  the  island  of  Fernando  Noronha  to  Cape  St.  Roque  on  the  ex* 
treme  east  of  the  South  American  continent,  returning  to  Newfoundland, 

*  SeS  Dans  oa  Areas  of  Subsidence  in  the  Pftciiic  Aii.  Amef.  GeoL,  Albany,  1845,  aftd 
Scba.  PhiU  Jeom.  (New),  vol.  36.  p.  941. 
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we  trace  the  line  southwards  through  the  several  chains  of  the  United  States 
down  into  Georgia*  where,  with  the  comparatively  narrow  breach  of  Lower 
Florida*  it  is  carried  on  by  Cuha  and  the  whole  chain  of  volcanic  islands  of 
the  West  Indies  to  Trinidad  and  the  South  American  continent  again* 
The  Oulf  of  Mexico  and  Caribbean  Sea  form  a  smaller  but  separate  basin* 
In  the  southern  Atlantic  we  can  trace  a  dividing  ridge  through  South 
Ascension — the  great  suboceanic  tract  just  referred  to — North  Ascension^ 
St.  Helena*  and  probably  to  Cape  Negro  on  the  African  west  coast,  and 
thence  to  the  Cape  of  Good  Hope*  and  returning  westward  by  Tristan 
d'Acunha,  thence  S.W.  to  the  Isle  of  Georgia  (lat«  55°  S.)  and  through  the 
Falkland  Islands  to  the  volcanoes  of  the  southern  point  of  South  America  i 
but  this,  like  the  sub*basins,  through  the  scattered  indications  which  alone 
we  yet  have  in  the  vast  southern  portion  of  the  Eastern  or  Indian  Ocean  west 
of  Australia,  is  uncertain. 

There  is  little  doubt  that  Australia,  on  its  northern  existing  coast-line,  was 
once  united  \?ith  New  Guinea  and  the  Aru  Islands  west  and  south  of  it 
(Wallace,  Silliman*s  Journal,  vol.  xxv.),  and  possibly  with  much  of  the  land 
outlying  to  the  west  of  that  vast  and  now  isolated  continent ;  if  not,  the 
intermediate  seas  would  be  much  deeper  than  they  are,  and  the  west  coast  of 
Australia  with  its  mountainous  chains  would  bound  an  ocean  basin  whose 
western  boundary  would  be  marked  by  a  line  of  volcanoes  from  New  Guinea 
to  New  Zealand  and  the  Southern  Sea. 

The  seas  of  Ochotsk,  of  Kamtschatka,  of  Japan,  and,  above  all,  the  Chinese 
and  Malayan  Seas  with  Borneo  in  the  midst,  form  so  many  distinct  basins, 
small  relatively  to  the  vast  areas  we  have  been  reviewing,  but  distinct  and 
strongly  marked.  In  the  Chinese  Sea  we  have  a  probable  tract  of  subsiding 
land,  tinted  blue  upon  the  evidence  of  Darwin*  The  bay  of  Bengal,  well- 
marked  all  round  northward  from  Sunda*  and  belted  with  volcanoes  to  the 
Ganges,  and  with  mountains  near  the  coast  thence  to  Ceylon,  joins  probably 
Western  Australia  by  a  suboceanic  ridge,  indicated  through  the  rooks  of 
Greville  and  Compton,  the  Island  of  Apaluria  with  the  adjacent  submarine 
volcano  of  1789,  and  the  ocean  shallows  and  soundings,  about  100°  W» 
lon^.  and  20°  to  25°  S.  lat. 

The  separate  basin  of  the  Arabian  Sea  is  equally  distinct,  from  Cape 
Comorin  along  the  Malabar  coast,  all  highly  mountainous,  Beloochistan  to 
the  mouth  of  the  Persian  Gulf  (itself  a  small  basin),  thence  by  the  Arabian 
coast-line  to  the  volcanic  region  at  the  mouth  of  the  Red  Sea,  and  into 
Abyssinia  with  its  characteristic  and  enormous  crater-form  lake  of  Tzana 
(though  as  yet  not  possessing  any  earthquake  record),  and  thence  through 
regions  scarcely  known  upon  the  East  African  coast,  crossing  to  the  Comoro 
Islands  (volcanic)  and  to  the  mountainous  regions  of  Madagascar, — the  vol* 
canio  islands  of  Bourbon,  Mauritius  and  Rodriguez,  the  Nazareth  and  Saya 
banks,  the  Chagos  Archipelago  and  the  Maldive  and  Laccadive  Islands^ 
completing  the  cincture  with  the  Malabar  coast  again. 

Along  the  great  band  of  these  islands,  and  thence  trending  westwards  by 
the  Saya  bank,  lies  one  of  the  great  tracts  of  oceau'-floor  which  Darwin  haa 
shown  to  be  probably  subsiding  (tinted  blue)*  Assuming  that  this  really  is 
a  band  of  subsidence,  it  would  be  more  probable  that  the  volcanic  girdle 
takes  a  wider  sweep  to  the  south  and  west  of  this  band,  and,  leaving  the 
Island  of  Rodriguez,  makes  for  the  volcanic  centre  marked  in  the  ocean  at 
long.  90°  £.,  lat*  10°  S*,  and  thence  turns  northward  to  join  Ceylon,  Cape 
Comorin  and  the  volcanic  region  of  Pondicherry. 

Leaving  the  great  ocean  and  great  continent,  we  trace  smaller  basins 
(or  rather  saucers,  for  their  extreme  shallowness  in  relation  to  their  surfaoe- 
areanast  never  be  lost  iighl  oQi  where  larger  portions  of  the  elevated  mQlui*. 
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tain-ciDcture,  studded  here  and  there  with  volcanic  vents,  are  found  un&ub« 
merged  and  inland  (t.  e.  where  the  basin  within  its  boundary  is  partly  land 
and  partly  water),  thus:  ^tna,  Lipari,  and  Vesuvius,  the  Apennine  chain, 
the  southern  and  western  Alps,  the  Pyrenees,  and  the  great  tableland  and 
axial  chains  of  the  Spanish  peninsula,  with  the  mountains  of  Northern  Africa, 
on  through  Pantellaria  and  Sicilv,  form  one  such  basin.  Closely  connected 
with  this  is  the  adjoining  basin  of  the  iEgean  with  the  volcanic  Greek  Islands : 
the  Black  Sea,  with  the  volcanic  regions  of  Armenia  and  the  Caucasus,  form 
a  distinct  basin  extending  on  the  north  far  into  Russia ;  the  Caspian,  with  the 
Sea  of  Aral  and  the  plain  of  Tartary  embracing  Persia,  another,  having  its 
own  volcanoes  near  the  former  sea,  while  Central  Asia,  so  little  known,  seems 
probably  divisible  into  several  vast  saucer-like  areas,  north  of  the  great  table- 
land, of  which  the  great  lakes  and  the  Altai  chains,  with  their  imperfectly 
described  volcanoes,  probably  mark  some  parts  of  the  cinctures,  but  which, 
in  the  absence  of  knowledge  as  to  relative  level,  it  would  be  premature  to 
attempt  to  trace.  Many  of  these  basins  further  on  to  the  north  appear  no 
longer  bounded  by  closed  curves  upon  land,  but  to  open  out  along  the  great 
river- courses  which  run  northward  and  become  lost  to  our  knowledge  in  the 
icy  solitudes  of  northern  Asiatic  Russia. 

Northern  Europe  presents  us  with  the  great  Scandinavian,  German,  and 
Russian  saucer,  whose  features  have  been  made  so  clear  to  us  by  the  labours 
of  Murchison  and  others ;  while,  further  north  and  west,  a  distinct  oceanic 
basin  appears  in  the  Northern  Sea,  of  which  the  Norwegian  chain,  Shetland, 
the  Ferro  Islands,  Iceland,  the  west  coast  of  Greenland,  and  the  volcanic 
islands  of  Jan  Mayen,  are  the  marked  boundaries. 

North  America,  so  far  as  its  surface  has  been  ascertained,  is  divisible  into 
several  well-marked  shallow  basins,  the  most  obvious  being  those  of  the 
Mississippi  ;  of  the  Arctic  Highlands ;  the  two  deserts  east  and  west  of  the 
Rocky  Mountains  (lat.  30^  to  40°  N.) ;  and  of  the  great  lakes,  to  which  may 
be  added  hereafter  Labrador  and  the  North  of  Canada  with  Hudson's  Bay ; 
the  eastern  talus  of  the  great  Atlantic  slope  falling  into  the  boundary  of  the 
Atlantic  basin.  Enough,  however,  has  probably  been  stated  to  indicate 
that,  viewed  upon  the  broadest  scale,  the  surface  of  our  globe  consists,  as 
respects  its  present  solid  surface,  of  a  number  of  saucer-like  depressions, 
when  large,  having  sUso  convex  central  areas,  all  having  plan  outlines 
approximating  to  extremely  irregular  ovals  or  other  closed  curves,  and 
bounded  by  mountain-chains  or  mere  rounded  or  flat-topped  ridges  or  eleva- 
tions of  the  solid  sphere,  greater  or  less.  Where  three  or  more  of  these  inoscu- 
late, the  point  between  the  junction  is  most  frequently  a  group  of  mountains 
or  a  high  tableland,  or  both, — as,  for  example,  the  knots  (Cusco  and  others) 
of  the  South  American  Andes,  upon  which  the  suboceanic  ridges  abut. 
The  greatest  of  these  saucer-like  concavities  either  form  or  subdivide  the 
beds  of  the  ocean,  but  other  such  shallow  basins  can  be  traced  upon  the 
existing  land,  and  embracing  seas  or  parts  of  seas,  or  great  lakes,  or  river- 
courses  within  them,  but  still  enclosed  by  girdling  chains  of  mountains  or 
the  precipitous  flanks  of  tablelands,  which  latter  in  their  full  development 
are  the  pedestab  of  the  greatest  mountain-chains.  Amongst  the  wide- 
sweeping  curves  that  indicate  the  dividing  crests  (if  we  may  use  such  a 
word  to  designate  elevations  often,  especially  in  the  subdividing  ridges  of  the 
oceamc  sub-basins,  so  very  low  in  relation  to  the  areas  they  separate)  of  these 
vast  oceanic  basins,  it  appears  impossible  to  trace  any  approach  to  parallelism^ 
or,  indeed,  that  such  an  arrangement  could  exist. 

We  do,  however,  remark,  that  it  is  along  these  girdling  ridges,  whether 
mountain-ranges  or  mere  continuous  swelling  elevations  of  the  solid,  which 
divide  these  basins  beneath  the  ocean  surface  one  from  the  other,  that  all 
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the  Tolcanoes  known  to  exist  upon  the  earth's  surface  are  founds  dotted 
along  these  ridges  or  crests  in  an  unequal  and  uncertain  manner. 

And  as  our  oceans  and  greater  seas  are  bounded,  and  below  their  water- 
surface  subdiyidedy  by  these  ridges,  along  the  lines  of  which  the  volcanic 
foci  are  found ;  so,  as  long  observed,  it  is  a  fact  that  all  active  volcanoes  are 
comparatively  close  to  the  sea,  or  to  some  large  body  of  water;  indeed, 
they  could  not  present  the  phenomena  they  are  known  to  do,  without  a 
supply  of  water,  and  nearly  always  of  sea- water,  more  or  less  constant  and 
plentiful,  derived  from  this  propinquity.  (See  Trans.  R.  L  Acad.  vol.  xxi. 
pp.  98,  99.) 

However  different,  then,  may  have  been  the  train  of  forces  upon  which  the 
elevation  of  the  mountain-chains  and  other  relatively  raised  lines  of  the  pre« 
sent  surface  have  depended,  from  those  which  now  produce  the  ejections 
thrown  up  by  volcanic  action,  the  latter  seem  to  follow  upon  the  traces  of 
the  former ;  and  we  shall  find  that  the  earthquake  generally  does  so  likewise. 
The  distinction  long  made,  into  linear  and  circularly  grouped  or  clustering 
volcanoes,  I  conceive  has  no  foundation  in  nature.  By  far  the  largest  pro- 
portion of  all  the  volcanic  vents  over  the  whole  earth  are  found  arranged 
along  the  flowing  lines  of  mountain-chains. 

The  so-called  clusters  or  circular  groups  never  are  found  covering  surface- 
areas  larger,  if  so  large,  t)r  more  widely  apart,  in  any  single  group,  than  those 
-within  which  volcanic  vents  are  found  that  undoubtedly  belong  to  linear  ar- 
rangements (Mexico  for  example). 

Keariy  all  the  clusters  or  circular  groups  of  volcanoes  are  situated  in  the 
ocean,  and  far  from  continental  land  ;  they  stand  on,  and  are  connected  with 
each  other,  by  oceanic  plateaux,  rounded  submarine  ridges,  shallows,  rocks, 
and  islands,  and  by  similar  connexions  with  points  of  continental  coasts^ 
either  mountainous  or  volcanic.  The  conclusion  seems  justifiable,  that 
these  clusters  or  groups  are  the  only  visible  points,  '*  few  and  far-between," 
situated  along  sub-oceanic  linear  volcanic  ranges,  along  which  the  open 
vents  are  probably  much  fewer  than  along  equal  lengths  on  land,  but  still 
marking  as  truly  as  the  most  thick-set  linear  vents  the  great  lines  of  fracture 
of  the  earth's  crust  Were  this  the  proper  place,  much  might  be  adduced 
in  support  of  this  view  of  volcanic  distribution. 

The  connexion  between  volcanic  and  seismic  effort  is  so  obvious,  although 
the  nature  of  their  connexion  has  been  so  little  understood,  that  we  are 
prepared  to  find  the  deepest  tints  of  the  seismic  map  fringing  off  from  those 
great  mountain-ranges  where  the  volcanic  foci  stand  close  in  rank ;  but  it 
was  not  before  so  apparent  that,  along  the  elevated  ridges  or  mountain- 
ranges  that  gird  and  divide  the  great  surface-basins,  even  when  not  volcanic, 
or  when  volcanic  foci  are  rare  and  widely  separated,  the  earthquake  is  still 
found  to  range  in  broad  bands,  following  the  general  line  of  the  crest. 

Upon  a  very  much  minuter  scale  of  survey  than  we  are  now  occupied  with, 
such  would  seem  dependent  upon  the  physical  fact,  that  the  earth-wave 
will  be  best  and  furthest  propagated  through  the  most  solid  and  elastic  line 
of  material,  that  is,  in  the  axial  line  of  mountain-chains  and  valleys,  as  is 
found  to  be  the  case ;  but  the  indication  of  our  map  is  a  far  more  extensive 
one,  and  points  to  some  different  and  deeper  cause.  Thus,  to  resume  our 
seismic  survey  of  the  Map,  Iceland,  Ferro,  Shetland,  and  the  south-west 
coast  of  Norway,  neariy  to  Christiania,  form  a  broad  band  of  seismic  con- 
nexion, which  would  probably  run  on  to  Greenland,  and  along  its  coast  to 
Jan  Mayen,  did  we  know  anything  of  their  earthquake  history. 

The  fact  (if  it  be  so),  that  the  west  coast  of  Greenland,  in  Davis's  Straits, 
b  sinking  graduallTi  would  in  nowise  conflict  with  the  probability  of 
1858.  9 
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seismic  action,  or  even  elevation  of  the  opposite  eastern  coastt  which,  it  is 
extremely  probable,  may  be  slowly  rbing,  just  as  the  Scandinavian  peninsula 
is  doing ;  and  it  does  not  seem  a  disproportioned  supposition,  that  all  three 
changing  leveb  are  due  to  the  prodigious  scale  of  volcanic  action  going  on 
at  Iceland. 

The  Swedish  system  is  another  band  stretching  north-west  from  the 
great  lakes  to  Kola  Bay  in  Russian  Lapland ;  and  future  observation  may 
probably  include  in  it  the  parallel  chain  of  the  Dofirefels  Mountains.  To 
the  south  we  mark  the  broad  band  whose  extremities  are  Portugal  and  the 
Azores,  always  in  seismic  sympathy  with  each  other,  and  with  which  the 
band  of  the  Canaries  is  in  relation  through  Madeira,  and  is  also  more 
distinctly  connected  with  the  earthquakes  of  Barbary  and  Morocco. 

From  Tunis,  a  narrow  but  intensely  marked  seismic  band  stretches  up 
through  Sicily  and  Italy,  sends  off  a  spur  to  the  west  through  the  Alps  of 
Piedmont  and  Southern  France,  along  the  whole  line  of  the  Pyrenees, 
and  to  the  northern  coast  of  Spain  ;  and  widening  out  over  the  central  Alps, 
so  as  to  cover  a  large  area  of  central  Southern  Europe :  extending  east  and 
west  from  Lyons  to  Vienna,  it  again  contracts  in  width  at  about  the  latitude 
of  Strasburg,  and  stretches  away  northwards  over  the  whole  Rhenish 
mountain  system,  and  becomes  nearly  evanescent  upon  the  low  plains  of 
Holland  and  the  coasts  of  the  North  Sea,  where,  though  infrequent,  earth-^ 
quakes  are  not  unknown. 

Over  the  great  plain  of  Central  Europe,  and  far  into  Southern  Russia  to 
the  north  of  the  Euxine,  the  want  of  observations  with  distinct  dimensions 
renders  any  attempt  at  precise  boundary  nugatory.  Were  our  records  better, 
the  Carpathians  would  no  doubt  stand  out  in  stronger  tint  than  the  well- 
inhabited  country  of  Poland  and  the  Vistula,  where  the  greater  frequency  of 
seismic  records  deepen  the  tint  from  Cracow  up  towards  Riga.  Better  ob« 
servations  would  no  doubt  also  mark  with  a  deeper  tint  a  band  of  connexion 
along  the  Balkans  and  line  of  the  Danube,  between  the  Austrian  Alps,  so 
frequently  shaken,  and  the  Bosphorus,  where  the  neighbourhood  of  Con* 
stantinople  shows  itself  abnormally  intense,  from  the  reiterated  records  of 
earthquakes  there  that  have  been  collected  century  after  century  at  that 
ancient  seat  of  splendour  and  civilization.  Thus  it  is  that  the  disturbing 
causes  that  we  have  remarked  as  affecting  the  Catalogue  follow  into  its  dis- 
cussion in  space  as  well  as  we  have  seen  they  do  into  that  of  time. 

A  broad  but  somewhat  ill-defined  seismic  band  stretches  from  the  Greek 
Archipelago  to  Constantinople,  spreads  over  a  large  portion  of  Asia  Minor, 
and  is  carried  through  Palestine,  on  to  the  valley  of  the  Lower  Nile  and  the 
coasts  of  the  Red  Sea,  extending  further  south  along  its  Arabian  shore. 
From  the  Gulf  of  Scanderoon,  by  Aleppo  and  Mosul  to  Lake  Van,  and 
the  south  of  Ararat  to  Shirvan  and  Baku  upon  the  Caspian,  a  wide  band 
of  great  and  long-continued  energy  extends,  which  probably  joins  into  the 
Caucasus  and  is  connected  with  the  seismic  system  of  the  Ourals  in  the 
distant  north. 

Again,  from  about  the  parallel  of  Bagdad,  a  broad  but  ill-defined  seismic 
band  stretches  nearly  due  east  through  the  whole  of  Persia,  Khorassan,  and 
to  the  Hindoo  Koosh,  sending  off  a  narrower  band  along  the  shores  of  the 
Persian  Gulf.  About  Cabool  the  Persian  band  joins  into  the  vast  seismic 
area  of  Northern  India — a  band,  whose  northern  boundary  is  the  Hima* 
layan  chain,  and  which  stretches  nearly  parallel  to  it  from  Cabool  to  Cal- 
cutta and  to  the  Gulf  of  Cutch.  Beloochistan  appears  exempt,  but  probably 
only  because  hitherto  without  observation  or  record.  Leaving  the  vast  and 
Strongly  agitated  seismic  system  of  Central  Asia,  of  the  boundaries  of  which 
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po  little  18  yet  known  beyond  the  general  fact  that  northwards  the  seismic 
bands  appear  to  follow  the  great  river-courses,  or  more  probably  the  great 
axes  bounding  them^ — and  passing  also  the  so  frequently  convulsed  Chinese 
empire,  which  appears  to  have  two  chief  seismic  centres  about  Pekin  and 
Canton  (these  cities  have  been  the  centres  of  observation  for  a\\,  or  nearly  all, 
the  Chinese  records  of  earthquakes  that  we  possess,  and  hence  one  reason  of 
the  depth  of  seismic  tint  around  them ;  but  it  is  also  to  be  observed  that  two 
of  the  great  volcanic  dbtricts  of  the  <<  Fire  Hills  and  Fire  Wells"  of  China  are 
situated  within  the  tinted  or  shaken  regions  adjacent  to  the  two  capitals)^ 
with  a  third  more  central  volcanic  region,  of  which  I  am  not  aware  that  any- 
thing is  known  seismically, — and  remarking  the  apparent  exemption  of  Cochin 
China,  for  which  there  are  no  records, — we  at  length  arrive  at  the  greatest  and 
most  formidable  earthquake-  and  volcanic  region  upon  our  globe.  Stretching 
in  a  vast  horse-shoe,  convex  to  the  south,  from  Burmah  and  Pegu,  and  sur- 
rounding the  great  island  of  Borneo,  with  an  intervening  belt  of  sea,  and 
reaching  round  to  Formosa  on  the  north-west,  we  have  an  almost  continuous 
girdle  of  volcanoes  and  lofty  mountains.  Every  bland  of  the  group,  in- 
cluding Java  and  Sumatra,  Celebes  and  Mindanao,  b  shaken  with  earth* 
quakes  the  most  formidable  and  frequent ;  and  we  can  point  to  n(f  spots  upon 
the  whole  earth's  surface  upon  which  seismic  energy  is  exhibited  with  an 
intensity  equal  to  that  of  Luzon  and  Sumbava. 

Nothing  even  in  South  America  or  Mexico  appears  to  rival  the  grandeur 
of  volcanic  energy  and  resultant  seismic  action  here.  In  1815  the  thunder^ 
ings  of  Tomboro,  in  Sumbava,  were  heard  nearly  1000  miles  away  (through 
the  earth  no  doubt).  The  ashes,  or,  more  correctly,  the  finely-divided  tum^ 
dust,  floating  in  the  air,  made  mid-day  into  darkness  800  miles  away  in  Java» 
and  were  precipitated  at  sea  even  a  thousand  miles  from  the  point  of  ejec- 
tion, while  whole  tracts  of  country,  with  inhabited  towns,  have  suddenly 
become  engulphed  and  disappeared  during  periods  of  truptiov,  whieh  over 
a  large  portion  of  the  chain,  from  one  extreme  to  the  other,  are  almoai 
continoous. 

It  will  be  remarked  that  the  seismic  tint  is  both  more  intense  and  rela^ 
tively  more  circumscribed  in  itrea  along  the  bands  that  surround  the  linear 
volcanic  vents,  where  they  cluster  thick,  than  along  mountain-chains  or 
ridges  that  possess  few  or  no  volcanic  vents.  This  no  doubt  arises  from  the 
centres  of  impube  in  active  volcanic  lines  being  situated  at  a  comparatively 
small  depth,  in  fact,  coming  from  the  actual  bases  of  the  crater,  or  not  far 
beneath ;  and  hence  the  horizontal  propagation  is  not  so  great  for  a  given 
force  of  impulse  as  where  its  centre  b  situated  deeper,  and  the  expbsive 
effort  rendered  abortive  to  rupture  the  solid  crust  above.  The  intensity  of 
tint  in  the  former  case  b  due  to  repetition  of  effort,  as  well  as  to  occasional 
intensity  of  impulse. 

An  earthquake  in  a  non-volcanic  region  may,  in  fact,  be  viewed  as  an 
uncompleted  effort  to  establbh  a  volcano.  The  forces  of  explosion  and 
impube  are  the  same  in  both ;  they  differ  only  in  degree  of  energy,  or  in  the 
varying  sorts  and  degrees  of  resistance  opposed  to  them.  There  b  more 
than  a  mere  vaguely  admitted  connexion  between  them,  as  heretofore  com* 
monly  acknowledged — one  so  vague,  that  the  earthquake  has  been  often 
stated  to  be  the  cause  of  the  volcano  (Johnston,  '  Phys.  Atlas,'  Geology^ 
p.  21),  and  more  commonly  the  volcano  the  cause  of  the  earthquake,  neither 
view  being  the  expression  of  the  truth  of  nature.  They  are  not  in  the  rela** 
tion  to  each  other  of  cause  and  effect,  but  are  both  unequal  manifestationa 
of  a  common  force  under  different  conditions. 

Further  north  we  have  the  somewhat  lesa  terribly  but  yet  deeply* 
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coloured  seismic  bands  of  Japan,  the  Kuriles,  and  Kamtschatka ;  and,  pass* 
ing  to  the  opposite  shore  of  the  PaciAc,  we  are  presented  with  the  deeply- 
coloured  seismic  bands  of  Mexico  and  the  South  American  Andes,  whose 
influence  reaches  far  out  into  the  ocean,  but  eastward  or  landward  is 
checked  by  the  great  chain.  The  reason  of  this  fact,  which  has  been  before 
alluded  to,  is  not  hard  to  And.  The  general  section  of  the  South  American 
continent,  from  west  to  east,  consists  of  a  comparatively  low-lying  narrow 
littoral  border-country  on  the  Pacific;  then  the  immense  chain  of  the 
Andes  rising  in  successive  ranges  to  the  axial  peaks,  and  beyond  these  a 
vast  plateau — the  elevated  land  of  the  great  continent — reaching  over  to 
near  the  western  coast,  where  some  lower  ranges  of  mountains  terminate 
the  Atlantic  shore  and  bound  its  basin.  This  is  rudely  shown  in  the  accom- 
panying figure  (1). 


Now  if  a  shock  be  transmitted  from  any  oriein  within  the  great  chain, 
and  below  the  level  of  the  great  tableland,  a6,  as  from  a  point  Xy  the 
transmitted  elastic  wave  in  the  direction  xs,  reaching  the  surface  after  a 
very  short  transit,  will,  in  accordance  with  the  well-known  law  of  elastic 
bodies,  have  its  amplitude  increased  (just  as  the  last  billiard-ball  of  a  line 
of  touching  balls,  is  that  which  is  projected  when  the  first  of  the  line  is  struck 
by  the  blow  of  a  propelled  ball),  and  more  powerfully  shake  all  surface* 
objects  at  s  than  others  situated  at  a,  although  at  an  equal  radial  distance 
from  the  centre  of  effort, — the  free  movement  of  the  elastic  wave  being 
here  reacted  upon  by  the  elastic  mass  of  the  tableland  which  blocks  its  way 
until  compressed.  Objects  on  the  tableland,  at  an  equal  distance  from 
the  origin,  may  (dependent  upon  its  depth)  receive  the  shock  (even  if 
of  only  equal  amplitude)  at  such  an  angle  of  emergence  as  will  give  a  less 
power  of  overthrow  to  the  horizontal  component  of  the  wave*s  transit. 
There  will  in  every  case  be  a  reflected  wave  back  from  the  mass  of  the 
tableland — an  earthquake  echo — producing  at  «,  or  along  the  littoral  border, 
a  second  shock,  with  a  line  of  direction  nearly  the  same,  but  with  a  direction 
of  motion  reverse  to  the  first,  one  shock  only  being  felt  on  the  tableland. 

To  return,  the  seismic  band  of  the  Andes,  at  the  extreme  north  of  the 
continent,  and  at  Trinidad,  inosculates  with  that  of  the  West  India  Islands, 
which  sweeps  round  the  Caribbean  Sea,  and  appears,  so  far  as  records  go, 
to  transmit  its  movements  further  into  the  Atlantic,  than  into  the  former 
sea ;  if  so,  that  probably  arises  from  causes  quite  analogous  to  those  already 
explained  for  South  America — a  shallower  sea-bottom  to  the  westward,  on 
the  Caribbean  Sea,  thus  playing  the  part  towards  the  deeper  bottom  of  the 
Atlantic  that  the  tableland  plays  towards  the  littoral  slope  of  South  America. 
The  North  American  records  have  been  too  few  and  ill-defined  as  to  boundary 
to  produce  as  yet  any  very  distinct  conclusions  from  the  tints,  which  prove, 
however,  that  its  western  and  southern  seaboard  are  by  no  means  free  from 
earthquake.  This  has  in  great  part  arisen  from  the  great  want  of  orographic 
delineation  on  nearly  all  (even  the  largest  and  best)  maps  of  the  United  States, 
which  omit  all  heights  and  natural  features.  The  Califomian  system  west  of 
the  Rocky  Mountains,  that  of  Upper  Missouri,  of  the  Mississippi,,  and  that  of 
the  northern  lakes  and  basin  of  the  St  Lawrence,  form  the  chief  and  separate 
regions  in  which  earthquakes  have  been  so  far  observed  most  frequently* 
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Future  observation  will  probably  show  a  connexion  between  the  great  sub-* 
oceanic  seismic  tract  of  the  South  Atlantic  and  the  South  American  conti* 
nent  on  its  western  sea-board^  between  Cape  Roque  and  La  Plata.  It  does 
not  appear  so  far  to  have  any  connexion  with  the  opposite  African  coast  be- 
tween Cape  Palmas  and  the  Bight  of  Biafra.  A  better  knowledge  will  also  pro-* 
bably  widely  extend  the  seismic  boundary  of  the  Cape  of  Good  Hope  along 
both  the  east  and  west  shores  of  Africa  to  the  northward,  and  bring  within  it 
the  great  island  of  Madagascar,  as  to  which  nothing  is  so  far  known.  New 
Zealand  (unhappily  for  its  future  progress)  will  afford  one  of  the  best  regions 
in  the  world  for  the  study  of  volcanic  and  seismic  phenomena  in  their  con^ 
iiexion« 

The  earthquake-baud  of  Western  Australia,  at  present  so  small  in  propor-> 
tion  to  its  vast  surface,  will  probably  be  found  to  reach  much  further  towards 
the  interior,  and  embrace  Van  Diemen's  Land  and  a  considerable  stretch  of 
the  southern  coast  to  the  eastward.  It  remains  yet  to  be  observed  whether 
even  the  small  surface  explored  of  the  east  side  of  the  Great  Island  is  sub* 
ject  to  earthquakes  or  not  Abyssinia  too,  though  not  affording  the  record 
of  a  single  earthquake,  is  too  closely  united  with  the  seismic  region  of  Arabia 
and  the  mouth  of  the  Red  Sea,  to  be  probably  perpetually  in  repose. 

There  are  great  untinted  spaces  upon  our  map.  The  northern  and  south- 
em  polar  regions,  immense  tracts  in  North  America  and  in  Northern  and 
East  Central  Asia ;  surfaces  in  South  America  nearly  as  large  as  all  Central 
Europe ;  the  whole  African  continent  except  the  northern  edge  and  southern 
point;  nearly  the  whole  of  Australia,  and  almost  the  whole  of  the  bed  of  the 
great  ocean,  are  perfectly  unstudied  and  unknown  to  us,  as  respects  their 
seismic  condition.  They  appear  white,  and  hence  free  from  earthquake,  upon 
the  map,  but  only  because  there  are  no  observations. 

Future  researches  will  probably,  however,  show  that  all  these  vast  tracts  of 
land  are  traversed  by  earthquake-bands  presenting  generally  the  features 
that  we  recognize  elsewhere,  and  that  the  ocean-bed,  far  from  the  continents, 
although  always  much  less  disturbed,  for  equal  extent  of  surface,  than  the 
land,  and  especially  than  the  coast,  of  the  great  oceans,  is  also  traversed  by 
earthquake-bands  continuous  with  and  tracing  out  their  shallowest  contours* 

Had  navigation  been,  in  times  past,  as  frequent  and  constant  in  the  Pacifio 
and  Southern  Indian  oceans  as  it  has  been  in  the  narrower  Atlantic,  especially 
north  of  the  equator,  the  former  would  roost  probably  present,  over  very  much 
of  their  vast  surfaces,  light  sebmic  tints  such  as  almost  the  whole  Atlantic 
presents,  included  as  it  is  within  the  range  of  movements  transmitted  from 
both  its  western  and  eastern  borders,  and  sdso  from  the  foci  within  its  bosom, 
connected  by  seismic  lines  so  closely  adjacent,  t.  e*  with  subobasins  so  com- 
paratively small  in  area. 

Imperfect  as  are  our  observations  on  land,  they  are  much  more  so  upon 
the  surface  of  the  great  ocean  that  covers  three-fourths  of  our  globe ;  so 
that  only  a  very  rude  approximation,  and  from  very  partial  data,  can  be 
made  towards  the  solution  of  the  question,  What  is  the  relation  of  seismical 
energy  beneath  the  land  and  the  ocean  ? 

The  result  of  Perrey's,  memoir  *  On  the  Basin  of  the  Atlantic,'  (Dijon 
M^m.)  assigns,  for  a  period  from  14-30  to  1847,  or  417  years,  a  total  of  only 
about  140  shocks  ^or  three  shocks  per  annum)  observed  over  an  area  of 
about  24  millions  or  square  miles.  If  we  contrast  this  with  the  only  tolerably 
well-observed  portion  of  the  dry  land,  the  great  European  area,  we  find 
thereon  at  the  least  40  shockn  per  annum  observed  upon  an  area  of  1,720,000 
square  miles,  or  (allowing  for  regions  included,  but  never  observed),  say, 
li500,000  square  miles*    There  occurs  therefore  annually  in  the  Atlantic 
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basin  one  ihock  for  every  8,000,000  sqaare  miles  of  surface,  and,  in  the  Euro- 
pean area,  one  shock  for  every  37,500  square  miles  of  surface ;  so  that  within 
these  large  areas  the  seismic  energy  beneath  the  land  is  to  that  beneath  the 
ecean^floor  as  213  : 1  nearly.  The  annual  number  of  observed  European 
earthquakes  is  certainly  below  the  actual  number  that  occur ;  and  although 
the  Atlantic  is  the  only  oceanic  surface  of  our  globe  over  which  there  can 
be  a  pretence  even  to  correct  observation,  yet  its  recorded  numbers  must 
be  very  far  indeed  below  the  truth,  and  immeasurably  lower  in  proportion 
than  for  Europe.  Making,  however,  every  allowance  for  imperfect  inform- 
ation in  the  pelagic  area,  the  disparity  of  relative  numbers  is  such,  as  to 
warrant  our  estimating,  with  some  confidence,  that  the  seismical  energy  is 
manifested  with  much  greater  power  for  equal  areas  upon  the  dry  land  than 
upon  the  ocean-bed. 

Should  it  ultimately  prove  a  fact,  as  rendered  probable  from  the  beautiful 
investigations  of  Darwin,  that  there  are  great  areas  of  gradual  subsidence  now 
in  motion  beneath  the  Pacific,  it  may  still  happen  (though  it  is  not  probable) 
that  seismic  or  even  volcanic  bands  may  traverse  such  areas  of  subsidence, 
without  materially  affecting  their  general  downward  movement.  Although 
many  portions  of  the  earth's  surface  now  show  evidences  of  vertical  insta- 
bility, either  slowly,  or  per  saltum  occasionally,  rising  or  sinking,  these  effects 
are  all  comparatively  insignificant  in  extent.  The  great  formative  forces, 
whatever  they  were,  upon  which  the  elevated  land  of  the  great  continents  and 
the  depression  of  the  ocean-beds  depended,  have  ceased  sensibly  to  act  The 
function  of  the  volcano  and  the  earthquake  in  the  exbting  cosmos  is  not  crea- 
tive, but  simply  preservative ;  and  vast  as  they  appear  to  eye  and  sense,  their 
effects  are  very  small  in  relation  to  the  totality  of  the  great  terrestrial  machine. 

If,  however,  such  large  areas  of  oceanic  subsidence  as  have  been  supposed 
really  exist,  they  will  most  probably  be  found  situated  almost  centrally  within 
the  oceanic  snb-basins,  and  hence  surrounded  but  not  traversed  by  seismic 
bands. 

There  is  one  fact,  which  is  shown  by  the  relative  positions,  upon  this  map, 
of  the  greatest  volcanic  areas  upon  our  globe  (and  these  the  most  active)  and 
of  the  blue-tinted  areas  of  probable  subsidence,  that  is  worthy  of  fixing  our 
attention. 

It  will  be  observed  that  the  blue  bands  of  probable  subsidence  are  tole- 
rably adjacent  to  the  greatest  seats  of  volcanic  activity,  and  that  the  latter 
generally  have  subsiding  areas  at  more  than  one  side.  Thus,  in  the  Pacific, 
the  blue  band  is  along  the  great  volcanic  girdle  from  Celebes  to  New  Zealand, 
and  thence  stretches  between  (and  at  one  point  may  cut  through)  the  line 
of  suboceanic  volcanic  girdles,  from  the  New  Hebrides  to  the  Marquesas. 

Again,  the  great  volcanic  horse-shoe  girdle  of  Sumbava  is  between  the^ 
blue  (subsiding)  area  in  the  China  Sea  north  of  Borneo,  and  the  blue  coral 
bands  north  of  Australia,  which  whole  continent,  or  at  least  its  western  and 
northern  parts,  may  probably  be  subsiding  also.  Lastly,  in  the  north  we  have 
Iceland  and  its  volcanic  system,  between  the  sinking  coasts  of  Greenland  and 
those  of  the  Baltic. 

If  we  admit,  then,  as  certain,  that  these  vast  tracts  are  subsiding,  we  can 
scarcely  withhold  our  belief  that  the  subsidences  are  due  to  and  are  the 
equivalent  in  bulk  of  the  solid  ejecta  and  exhalations  of  these  various  great 
volcanic  areas  respectively. 

The  assumed  area  and  extent  of  subsidence  of  those  supposed  subsiding 
tracts  are,  however,  I  apprehend,  greatly  overrated ;  this,  however,  is  not  the 
place  to  pursue  their  consideration. 

From  all  that  has  preceded  (here  and  in  former  Reports),  it  |s  plain  that 
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aothiog  like  one  or  more  great  general  horizontal  directions  of  seismic  move- 
ment can  exist  upon  any  very  large  tracts  of  the  earth's  surface ;  and  that  if 
it  be  even  possible  to  assign,  as  proposed  by  M.  Perrey,  a  general  horizontal 
component  for  limited  areas,  the  method  does  not  admit  of  extension.  The 
normal  type  of  an  elastic  wave  in  a  homogeneous  solid,  is  only  varied,  so  far 
as  observation  yiet  goes,  by  the  accidents  principally  of  material  and  surft^ce, 
whether  the  area  of  disturbance  be  great  or  small. 

Nor  does  the  seismic  intensity  in  any  part  of  the  world,  so  far  as  originating 
impulse  is  concemedy  seem  connected  with  the  superficial  character,  to  the 
greatest  known  depth,  of  the  geologic  formations,  beyond  what  connexion 
is  necessarily  inferential  from  the  seismic  bands  (where  they  exist)  foliowingy 
on  the  whole,  the  lines  of  mountains  and  ridges  that  separate  the  surface- 
basins  of  the  earth,  whether  volcanic  or  not  While,  therefore,  the  seismic 
waves  diverge,  from  axial  lines  that  are  generally  of  the  older  rock  forma- 
tionSf  and  often  of  crystalline  igneous  rocks  or  actively  volcanic,  they  pene- 
trate thence  formations  of  every  age  and  sort,  even  to  plains  of  the  most 
recent  post-pleistocene  clavs,  sands,  and  gravels ;  and  occasionally,  by  the 
secondary  efforts  of  great  shocks,  these  loose  materials  are  shaken  or  caused 
to  slip  and  gather  up  into  new  forms  (as  in  the  Uilah  Bund  at  the  mouths 
of  the  Indus,  &c.),  and  so  the  earthquake  has  come  to  be  mistakenly  viewed 
as  a  direct  agent  of  elevation.  Its  true  cosmical  function  is  the  very  opposite : 
It  is  part  of  the  dislocating,  degrading,  and  levelling  machinery  of  the  sur- 
face  of  our  globe,  while  the  part  of  the  volcano  is  restoration  and  renewal. 
Both  are,  however,  not  creative  but  conservative  (strange  as  it  may  sound), 
and  suited  to  the  period  of  man's  appearance  and  possession  of  the  earth. 

Viewing  as  a  whole,  and  in  a  single  glance,  the  distribution  of  seismic 
energy  over  the  whole  globe,  it  presents  (so  far  as  we  yet  know)  a  vast  loop 
or  band  round  the  Pacific,  a  more  broken  and  irregular  one  around  the 
Atlantic,  with  subdividing  bands  and  a  vast  broad  band  stretching  acrosa 
Europe  and  Asia,  and  uniting  them. 

Thus  an  apparent  preponderance  of  seismic  surface  seems  to  lie  about  the 
temperate  and  torrid  zones,  both  northern  and  southern;  bat  extended 
observation  is  yet  required  in  high  latitudes,  and  particularly  in  the  Antarctic 
ones,  before  we  dare  venture  to  affirm  that  there  is  a  real  preponderance 
extending  over  any  one  or  more  great  climatic  bands  or  zones  of  the  earth's 
surface. 

Tiie  following  are  perhaps  the  most  general  conclusions  that  are  at  pre* 
sent  justifiable:-* 

1st  The  superficial  distribution  of  seismic  influence  over  existing  terrestrial 

space  does  not  follow  the  law  of  distribution  in  historic  time ;  it  is  not 

one  of  uniformity.     There  is  this  resemblance,  which,  however,  is 

not  a  true  analogy, — that  as  the  distribution  is  paroxysmal  in  time, 

so  it  is  local  in  space. 
2nd.  The  normal  type  of  superficial  distribution  is  that  of  bands  of  variable 

and  of  great  breadth,  with  sensible  seismic  infiuence  extending  from 

5*^  to  15°  in  width  transversely. 
3rd.  These  bands  very  generally  follow  the  lines  of  elevation  which  mark 

and  divide  the  great  oceanic  or  terr-oceanic  basins  (saucers)  of  the 

earth's  surface. 
4th.  And  in  so  far  as  these  are  frequently  the  lines  of  mountain-chains^ 

and  these  latter  those  of  volcanic  vents,  so  the  seismic  bands  are 

found  to  follow  them  likewise. 
'  5tlu  Although  the  sensible  influence  U  generally  limited  to  the  average 
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width  of  the  seismic  band,  paroxysmal  efforts  are  occasionally  pro« 

pagated  to  great  superficial  distances  beyond  it. 
6th.  The  sensible  width  of  the  seismic  band  depends  upon  the  energy  de« 

velopedi  and  upon  the  accidental  geologic  and  topographic  conditions 

at  each  point  sdong  its  entire  length. 
7th.  Seismic  energy  may  become  sensible  at  any  point  of  the  earth's  sur-» 

face,  its  efforts  being,  however,  greater  and  more  frequent  as  the 

great  volcanic  lines  of  activity  are  approached. 
8th.  The  surfaces  of  minimum  or  of  no  known  disturbance,  are  the  central 

areas  of  great  oceanic  or  terr-oceanic  basins  or  saucers,  and  the 

greater  islands  existing  in  shallow  seas* 

The  fact  that  certain  low-lying  river-basins,  such  as  the  Mississippi  and 
the  Ganges,  are  the  seats  of  earthquake  disturbance,  does  not  conflict  with 
the  last  proposition.  In  these  cases,  the  impulse  is  propagated  into  the  plain 
from  the  band  of  the  bounding  ridges;  and  when  these  are  very  large 
in  relation  to  the  basin,  the  breadth  of  the  seismic  band  may  overlap  its 
whole  surface, — as  for  example  in  the  basin  of  the  Ganges,  where  the  seismic 
banks  of  the  Himalaya  and  Vindhya  mountains  cover  the  whole  plain  of 
Northern  India. 

We  have  thus  extracted  all  the  information  that  our  Catalogue,  or  indeed 
any  further  cataloguing  of  earthquakes,  seems  capable  of  giving  us ;  future 
research  must  take  a  more  distinctly  physical  character.  I  therefore  proceed 
to  some  observations  upon  instrumental  seismometry  and  the  construction 
of  seismometers,  upon  which  our  future  progress  must  much  depend. 

Twelve  years  ago,  at  the  period  of  the  author's  paper  (Trans.  R.  I.  Acad* 
vol.  xxi.  1846)  ^'  On  the  Dynamics  of  Earthquakes,"  the  construction  of  seis* 
mometric  instruments  appeared  a  comparatively  easy  matter ;  there  did  not 
seem  to  be  much  difficulty  in  producing  even  a  self-registering  instrument 
that  should  give  every  element  of  the  earth-wave  at  the  surface,  whose  nor- 
mal velocity  of  propagation  was  then  assumed  to  be  extremely  great,  to 
approximate  to  that  theoretically  due  to  the  elasticity  of  solid  rocky  media, 
and  not  to  vary  very  materially  in  direction  of  propagation  during  its  transit 
from  the  origin,  to  any  distant  point  of  the  earth's  surface. 

It  is  only  at  a  very  recent  period  that  experiments  and  observations  as  to 
the  actual  pheenomena,  the  velocity  and  direction  of  shock,  &c.  have  begun  to 
show  the  real  difficulties  of  the  subject ;  and  as  these  are  apparently  not  very 
generally  recognized,  I  propose  pointing  some  of  them  out  here,  prior  to 
indicating  the  limits  within  which  for  the  present,  it  appears  to  me,  we  must 
be  content  to  restrict  our  seismometric  aims  and  instruments,  and  describing 
what  form  of  instrument,  and  in  what  localities  placed,  would  appear,  with 
our  existing  knowledge,  the  best  to  give  us  some  information — approximate 
only,  and  incomplete  without  doubt,  but  yet  such  as  can  be  made  a  safe  basis 
for  a  future  higher  step  with  more  reflned  and  comprehensive  instruments.  I 
shall  avoid  as  much  as  possible  (as  out  of  place  in  this  Report)  any  mathe- 
matical treatment  of  the  subject.  The  antecedent  history  of  seismometers  is 
in  brief  as  follows : — 

All  the  instruments  hitherto  devised  or  set  up  may  be  divided  into  two 
great  classes: — 1,  observational^  those  whose  motions  must  be  observed  and 
recorded  after  each  shock ;  2,  se^-registering^  which  record  their  own  past 
movements  however  repeated,  and  admit  of  their  observation  at  any  subse* 
quent  period  within  certain  limits.  Each  of  these  classes  is  again  divided 
into  two  sorts;— a*  instruments  dependent  upon  the  movements  by  displace- 


Digitized  by  VjOOQ IC 


ON  THE  FACTS  AND  THtiiOBT  OF  BARTHaUAKE  PHENOMENA,   79 

ment  of  liquids;  b.  those  dependent  upon   the  partial  displacements  of 
solids.     Of  the  first  class>  there  have  been — 

1  (a).  That  of  Cacciatore  of  Palermo,  long  in  use  in  Sicily.     It  consists  of  a 

wooden  circular  dish  about  10  in.  diameter,  placed  horizontally  and 
filled  with  mercury  to  the  brim-level  of  eight  notches  that  face  the 
cardinal  points  and  the  bisecting  rhumbs  between,  and  are  cut  down 
through  the  lip  of  the  dish,  equally  in  width  and  depth  all  round. 
Beneath  each  such  notch  a  small  cup  is  placed,  to  receive  such  mer^ 
cury  as  may  be  thrown  out  of  each  notch  by  an  oscillatory  displace- 
ment of  the  main  mass  of  mercury,  due  to  a  general  oscillation  of  the 
whole  system.  Either  the  volume  or  the  weight  of  mercury  found  in 
each  cup  is  supposed  to  measure  the  value  of  the  displacement,  and 
hence  of  the  shock  in  its  direction  in  azimuth. 

2  (a).  The  wooden  or  other  bowl  of  molasses,  or  other  such  viscid  liquid, 

suggested  for  use  by  Mr.  Babbage. 

3  (a).  A  cylindric  tub  with  chalked  or  whitewashed  sides,  and  partially 

filled  with  some  heavy  and  permanently  coloured  liquid  of  deep  tint. 
(Mallet,  Admiralty  Manual,  sect  vii.  p.  218.) 

4  (a).  Tubes  partially  filled  with  mercury,  I     -shaped,  with  the  horizontal 

and  open  limbs  directed  to  the  cardinalpoints,  for  the  horizontal  com- 
ponent of  shock;  and  (J-shaped  for  the  vertical  component, — both 
sets  being  provided  with  marking  Indices,  to  show  previous  displace- 
ment of  the  mercury.    (Mallet,  Admiralty  Manual,  sect.  vii.  p.  214-.) 

5  (f>).  The  oldest,  probably,  of  seismometers,  long  set  up  in  Italy  and  southern 

Europe.  A  pendulum,  free  to  move  in  any  direction,  carries  below 
the  bob  a  stile  partly  immersed  in  a  stratum  of  dry  fine  sand  spread 
to  uniform  thickness  over  the  concave  surface  of  a  circular  dish 
placed  beneath,  marked  to  the  cardinal  points,  whose  centre  is 
beneath  the  point  of  suspension  of  the  pendulum  when  at  rest,  and 
whose  concavity  is  that  of  a  spherical  segment  of  a  radius  equal  to 
the  length  of  the  pendulum  and  stile,  plus  rather  more  than  the 
depth  of  the  stratum  of  sand.  It  was  supposed  that  the  stile  would 
mark  a  right  line  when  seen  in  a  plane  vertical  to  the  sand-bed,  and 
in  the  direction  of  the  shock. 

6  (b).  The  inverted  pendulum,  held  vertical  when  at  rest  by  its  forming 

part  of  a  spring  at  the  base  (like  the  watchmakers*  noddy),  armed 
with  a  chalk  tracer  or  pencil  above  the  bob,  marking  a  line  or  lines 
upon  the  concave  lower  surface  of  a  dish  in  form  like  that  of  the 
preceding.  Thb  was  understood  to  be  one  of  the  instruments  adopted 
by  the  observers  of  the  repeated  shocks  of  Comrie,  &c,  and  the  in- 
vention, in  its  improved  form,  of  Prof.  J.  Forbes.  (Phil.  Trans.  Edin^ 
vol.  XV.  part  1 ;  Trans.  Brit  Ass.  1841 -42.) 

7  (b).  The  inverted  spring  and  ratchet  pendulum  seismometer,  proposed  In 

1854  by  Robert  F.  Budge,  Esq.  of  Valparaiso,  in  a  letter  (12th  Marcl^ 
1854)  to  Mr.  Patterson  of  Belfast,  and  obligingly  forwarded  by  him  to 
the  author.  Four  cylindrical  or  square  rods  of  spring  steel,  each  carry* 
ing  a  spherical  bob  (an  iron  shot)  at  top,  are  fixed  vertically.  Each  i^ 
provided  with  a  ratchet,  finely  cut  upon  the  rod,  and  a  pall,  the  planes 
of  motion  of  the  four  palls  passing  through  the  cardinal  points,  so  that 
each  spring  pendulum  is  free  to  make  one  semiosciUation  only  in  ita 
own  direction,  or  that  of  its  ratchet  and  pall,  and  be  arrested  there 
by  the  latter  until  its  position  of  displacement  be  observed  and  it  be 
released.  Thus,  in  the  figure  (2),  />  W  is  the  spring  pendulum  (which| 
it  may  be  remarked,  would  be  better  a  flat  ribbon  of  spring  steel. 
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the  broad  dtmension  being  traosverse  to  the  arc  of  vibration,  than 
eitherroundor  square  as  proposed),  Wthe  yj^  g. 

bob,  r  the  ratchet  and  pall.  If  we  suppose 
this  to  be  in  the  N.  and  S.  vertical  plane, 
a  shock  from  the  S.  may  bring  the  pen- 
dulum into  the  position  p  m,  when  the 
pall  will  fall  into  that  r  n,  and  detain  the 
instrument  in  its  new  position  until  the 
angle  npW  can  be  observed. 

The  main  object  proposed  by  the  author 
of  this  modification  of  the  inverted  pen- 
dulum was,  that  the  observable  movement 
of  the  instrument  should  be  as  nearly  as 
possible  that  of  the  horizontal  component 
of  shock,  without  being  perplexed  with 
indications  due  to  subsequent  abnormal 
motions  of  the  instrument. 

8  (6).  The    pendulum  seismometer   of   Santi. 

Two  pendula  suspended  close  to  the  faces 
of  two  walls,  ranging  in  vertical  planes 
traversing  through  the   cardinal  points,  __^ 

are  free  to  oscillate  in  those  planes  only.  *"  ^  ^ 

Each  is  provided  with  a  clialk  tracer,  which  marks  the  arc  of  oscil- 
lation N.  and  S.  or  E.  and  W.,  or  vice  versd  as  to  either,  upon  the  pre- 
pared face  of  the  wall.  This  has  been  long  in  use  in  Italy.  The  length 
of  the  horizontal  chord  of  the  arc  traced  is  assumed  to  be  equal  to 
the  horizontal  component  of  shock  in  the  direction  marked,  and  inter- 
mediate movements  are  to  be  obtained  from  comparison  of  the  lengths 
of  both  cardinal  chords  by  the  known  laws  of  compounded  motions. 

9  (^).  A  vertical  inverted  spring  pendulum,  formed  of  an  elastic  rod  (wood 

or  cane),  with  bobs  of  iron  shot,  is  fixed  within  a  hoop,  with  certain 
extemporaneous  means  of  marking  its  oscillations  in  any  plane,  or 
more  than  one,  for  horizontal  component  Such  pendula,  fixed  hori- 
zontally in  a  wall,  or  in  two  N.  and  S.  and  E.  and  VV.  walls,  may  be 
used  for  vertical  element,  or  a  shot  hung  from  a  spiral  spring  of  wire 
(Mallet,  Admiralty  Manual,  sect.  vii.  p,  217,  218.);  these  were  in- 
tended for  extemporaneous  use.  The  spiral  spring  arrangement  has 
had  several  different  proposers,  some  anterior  to  the  above. 

Such  are  the  principal  instruments  of  the  first  class,  used  or  proposed. 
In  addition  to  which  may  be  noticed  the  balanced  circular  dish,  or  wheel- 
formed  seismometer,  suggested,  I  believe,  by  Professor  J.  Forbes  and  Col. 
James,  R.E., — a  disk  of  cast-iron  or  other  metal  with  a  heavy  rim,  upon  a 
central  point  of  suspension  slightly  above  the  centre  of  gravity,  and  provided 
with  a  central  tracing-stile,  either  above  or  below.  The  sensibility  and  power 
of  horizontal  recovery  or  stability  of  this  instrument  are  nearly  identical 
with  those  of  the  common  balance.  It  is  liable  to  all  the  objections  that 
apply  to  pendula,  whose  properties  in  oscillation  it  still  partakes  of;  and  it 
is  difRcult  to  see  any  one  special  advantage  offered  by  it. 

Of  the  second  class,  or  self-registering  seismometers,  the  number  is  much 
more  limited. 

1  (a).  The  first  completely  self-registering  seismometer  proposed,  the  author 
c  believes  to  have  been  that  invented  by  himself,  an  account  of  which 
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was  read  to  the  Royal  Irbh  Academy  in  June  1846  (Trans.  R.  I.  A^ 
xxi.  p.  107).  It  consists  essentially  of  five  fluid  pendula, — glass  tubes, 
partially  filled  with  mercury,  four  for  horizontal,  and  one  for  vertical 
elements  of  the  shock.  The  displacement  of  the  mercurial  columns 
breaks  contact,  in  an  otherwise  closed  galvanic  circuit,  which,  acting 
upon  some  simple  contrivances,  cause  a  pencil  to  trace  a  line  upon 
ruled  paper,  whose  length  is  proportionate  to  the  time  that  contact 
remains  broken,  or  to  the  amplitude  and  altitude  of  the  earth-wave. 
The  ruled  paper,  placed  upon  a  cylinder,  is  maintained  in  motion 
by  a  clock ;  tne  position  of  the  commencement  of  the  pencil  line 
traced  on  the  moving  paper,  therefore,  gives  the  moment  in  time,  of 
the  arrival  of  the  wave,  or  initial  instant  of  shock.  The  displace- 
ment of  the  mercurial  columns  is  dependent  upon  inertia,  and  on 
the  relative  mass  of  mercury  in  the  adjacent  limbs  of  each  bent 
tube. 
2  (a).  Professor  Palmieri,  of  Naples,  has,  some  time  since,  constructed  an 
instrument,  in  point  of  general  principle,  very  similar  to  the  pre- 
ceding, and  which  has  been  at  work,  as  he  informs  me,  with  satis- 
factory results,  at  the  Royal  Meteorological  Observatory  upon  Vesu- 
vius, and  for  a  considerable  period.  His  instrument  consists  of  two 
distinct  systems,  one  for  vertical,  the  other  for  horizontal,  or  rather 
undulatory  movements.  The  former  consists  of  a  clock,  constantly 
going,  and  registering  date  and  time,  A  galvanic  circuit,  which 
includes  an  electro-magnet,  remains  always  unclosed,  except  at  the 
instant  of  the  arrival  of  a  vertical  movement  of  the  whole  instrument, 
when  one  pole  of  copper  or  platinum  wire,  held  suspended  from  a  heavy 
bob  at  the  lower  end  of  a  spiral  spring — as  in  9  (6),  last  sentence — 
close  over  the  surface  of  a  mercurial  cup  (the  other  pole),  drops  by 
inertia,  and  making  good  the  contact,  establishes  the  electro-magnet  s 
action,  and  by  it  stops  the  clock  and  rings  a  bell.  The  range  of  ver- 
tical movement  is,  I  believe,  deduced  from  the  direct  motion  of  this 
contact-maker. 

The  system  for  horizontal  (?)  or  undulatory  movements  consists  of 
a  similar  clock  and  galvanic  arrangement,  and  of  four  U-shaped 
glass  tubes,  open  at  both  ends,  and  containing  equal  vertical  columns 
of  mercury.  The  vertical  planes  of  two  of  these  (j -tubes  are  N.  and 
S.  and  £.  and  W. ;  those  of  the  other  two  in  intermediate  rhumbs. 
Close  above,  but  not  in  contact  with,  the  mercurial  surface  in  one 
limb  of  each  tube,  is  held  suspended  a  platinum  pole,  the  mercury 
itself  being  the  other  pole  of  the  open  circuit.  Upon  the  surface  of 
the  mercury  in  the  opposite  limb  a  small  float  rests,  connected  by  a 
silk  cord  over  a  pulley  in  a  vertical  plane,  with  a  little  counterpoise, 
slightly  heavier  than  the  float.  If,  now,  such  a  movement  be  given 
to  any  one  or  more  of  these  U -tubes  as  shall  kant  it  over  or  throw  it 
out  of  plumb,  and  so  alter  the  relative  levels  of  the  opposite  surfaces 
of  mercury  in  the  two  limbs  of  the  tube,  the  U-tnbe  that  shall  in- 
cline towards  the  limb  that  contains  the  platinum  galvanic  pole  will 
then  make  contact,  and  at  the  moment  of  doing  so  will  stop  the  clock 
and  ring  a  bell  as  before. 

The  amount  of  displacement  as  to  level  of  the  two  surfaces  of 
mercury  in  the  opposite  limbs  will  be  made  observable  by  the 
distance  to  which  the  small  float  shall  be  found  elevated  above  the 
surface  of  the  mercury  in  the  oj^posite  limb.  A  description  of  thia 
instrument  has  been  given,  but  without  a  figure,  in  De  la  Rive'ii 
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*  Treatise  on  Electricity  and  its  Applications/  English  edition,  voL 
ill.  p.  508*. 
3  (If).  The  Ia«t  self-registering  instrument  to  be  noticed  is  that  of  Herr 
Kreil  of  Vienna,  of  which  an  account  appeared  in  1855.  This  in- 
genious and  simple  instrument  can  hardly  be  made  intelligible  more 
briefly  than  in  the  author's  own  words,  which  I  translate  (with  the 
addition  of  a  word  or  two)  from  the  '  Sitzungsberichte  der  Kais.  Akad. 
d.  Wissensch.'  Band.  xv.  p.  Ill,  Heft  for  March  1855  :— 

«  A  good  sebraometer  is  a  desideratum  still  to  be  devoutly  wished  for.  It 


Kg.  3. 


a 


should  not  only  show  the  commencement 
of  the  stronger,  but  also  of  the  weaker 
shocks,  as  well  as  their  duration,  direction, 
and  strength, — a  task  which  is  too  great  for 
a  self-registering  apparatus.  Therefore 
every  idea  towards  the  improvement  of 
such  instruments  must  be  welcome ;  and 
on  this  account  I  venture  to  bring  forward 
the  following  design  (fig.  3).  Let  de  he 
a  rod  of  wood  or  metal  suspended  at  a, 
which  at  d  is  fastened  to  the  elastic 
spring  <;,  like  the  pendulum  of  a  clock,  and 
therefore  can  swing  in  the  plane  of  this 
spring  in  a  vertical  direction.  Let  a  6  be 
a  second  spring  upon  the  first  vertical 
one,  which  permits  the  bar  of  the  pen- 
dulum,  citf,  to  swing  in  the  plane  of  the 
spring  c,  i.e.  at  right  angles  to  the  former 
vertical  plane.  The  bar  d  e  and  the 
weight  fastened  to  it  can  therefore  swing 
in  every  direction,  without  its  being  per- 
mitted to  turn  on  its  own  axis  of  vertical 
length,  and  as  if  there  were  but  a  thread 
or  thin  wire  at  b.  The  cylinder  f  g  h  i 
contains  clockwork,  which  obliges  it  to 
turn  round  upon  the  bar  of  the  pendulum 
(as  its  perpendicular  axis  fixed  with  reference  to  rotation)  once  in  24-  hours. 
It  is  covered  with  paper  or  other  material,  which  can  be  marked  on  without 
great  pressure.  It  contains  on  the  lower  edge  the  numbers  of  the  hours, 
which  can  move  behind  an  index  m,  fastened  to  the  plate  A  A  which  is 
fixed  to  the  axis  of  the  pendulum.  Upon  a  neighbouring  pin,  o  /?,  is  an 
elastic  and  thin  arm  of  brass,  o  n,  which  carries  a  pencil  at  n,  which,  by 
means  of  a  screw  (spring  ?),  can  be  pressed  against  the  cylinder  and  removed 
from  it  It  is  in  firm  contact  with  this,  and  marks  upon  it  an  uninterrupted 
line  80  long  as  the  pendulum  remains  at  rest;  if,  however,  this  begins  to 
swing,  in  consequence  of  the  whole  system  being  shaken,  this  line  will  be 
broken,  and  strokes  produced  which  will  have  a  horizontal  direction  if  the 
pendulum  swings  in  the  plane  of  n  o,  but  will  be  perpendicular  and  cross- 
ways  if  swinging  in  the  plane  perpendicular  to  n  o.     The  force  and  length  of 

*  Since  this  report  was  commenced,  I  have  myself  had  the  advantage  of  seeing  this 
instrument,  and  conversing  with  its  distinguished  inventor,  as  to  its  principles  and  construc- 
tion. Prof.  Palmieri  informed  me  that  it  had  heen  arrested  by  the  celebrated  shock  of 
16th  December  1857,  and  bad  given  indications  that  he  deemed  satisfactory.  [R.  M.,  May 
1858.] 
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this  stroke  will  give  an  approximation  to  the  strength  of  the  shocks.  The 
middle  of  the  stroke,  or,  if  they  are  vertical,  the  end  of  the  uninterrupted 
line,  gives  the  time  of  the  commencement  of  the  shock.  The  strength  and 
direction  of  the  shocks  may  also  be  approximated  if  the  (as  respects  rota- 
tion) fixed  plate  A  t^/ have  an  annular  recess,  filled  with  quicksilver  until 
its  surface  reaches  the  holes  sssy  made  in  the  cylindrical  sides.  At  the 
first  motion  of  the  pendulum,  the  quicksilver  will  be  shed  out  through  these 
holes  into  a  dish  divided  into  the  same  number  of  compartments  as  there  are 
holes,  like  those  already  in  use  in  many  existing  instruments  of  this  kind 
(Cacciatores)". 

Such  are  the  chief  seismometers  hitherto  proposed.  They  all  involve  in 
some  form  the  principle  either  of  the  solid  or  of  the  fluid  pendulum,  the 
latter  term  being  applied  to  the  oscillations  of  liquids  in  tubes  or  other  such 
vessels ;  and  have  disadvantages,  both  theoretic  and  practical  or  constructive, 
which  render  their  indications  inaccurate. 

£very  pendulum  sebmometer  has  a  time  of  oscillation  due  to  its  length, 
which  in  the  case  of  the  solid  pendulum  is 


Vs' 


and  in  the  case  of  the  oscillating  liquid 
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I  being  the  length  of  the  pendulum  and  of  the  oscillating  column  of  liquid 

respectively ;  but  if  P  =  the  period  of  the  earth-wave  or  shock,  then  when- 

p 
ever  T=P,  or  n  ^  P,  or  — ,  the  indication  of  the  instrument  will  be  in  excess 

n 

of  the  horizontal  component  of  the  wave's  motion  ;  when,  on  the  contrary,  T 
represents  no  function  of  P,  it  may  be  much  less  than  it. 

The  amount  of  error  depends  also  upon  the  velocity  of  movement  of  the 
horizontal  component  of  the  wave.  If  this  be  considerable,  the  solid  pen- 
dulum, whether  hanging  or  inverted,  acted  on  by  gravity  or  elasticity,  is  at 
the  first  moment  left  behind ;  as  the  rod  becomes  more  oblique,  the  pen- 
dulum is  dragged  along,  and  acquires  a  velocity  (in  a  direction  which  ap- 
proaches to  horizontal)  greater  than  that  due  to  the  arc  through  which  the 
pendulum  has  fallen  in  the  time.  At  the  end  of  the  wave's  forward  move- 
ment, then,  the  pendulum  is  thrown  forward  too  far ;  and  at  the  end  of  the 
return  movement  of  the  wave,  it  moves  beyond  the  range  of  the  latter,  by  a 
•mall  arc  due  to  its  proper  motion.  This  objection  applies,  though  with  less 
cogency,  to  the  fluid  pendula,  and  in  their  case  to  both  the  vertical  and  hori- 
zontal components  of  the  wave. 

These  discrepancies  of  indication  will  vary  whenever  the  velocity  and  di- 
mensions of  the  earth- wave  become  altered ;  and  as  for  the  same  instrument, 
T  varies  with  sin'  X  (X  being  the  latitude),  it  is  obvious  that  even  two  per- 
fectly similar  instruments  at  stations  north  and  south  of  each  other,  will  not 
give  strictly  comparable  results  for  the  same  earth-wave. 

These  are  but  examples  of  one  or  two  points  of  theoretic  difficulty,  to 
which  others  might  be  added,  and  which  affect  these  instruments  prin- 
cipally as  indicators  of  the  dimensions  of  the  earth-wave.  Some  of  these 
theoretic  disturbances  may  be  eliminated  by  calculation  from  the  results ; 
but  there  are  also  some  apparently  insuperable  difficulties,  of  a  practical  or 
constructive  nature,  which  affect  all  solid  pendula  as  reliable  indicators  even 
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of  the  direction  of  surface-transit  (horizontal  component)  of  the  earth-wave* 
However  finely  suspended  the  pendulum — if  acted  on  by  gravity  only,  or, 
however  constructed  if  by  elasticity  or  by  elasticity  and  gravity,  it  is  found 
impracticable  to  produce  an  instrument  that  shall  make  even  the  second  half 
of  its  very  first  complete  vibration  strictly  in  the  plane  of  the  original  dis^ 
turbance,  t.  e*  in  that  of  the  wave's  transit.  If,  for  example,  any  one  of  the 
Fig.  4. 


instrameuts  5  (6),  6  (6)>  or  7  (^)>  be  caused  to  make  a  semivibration  by  a 
movement  of  the  nature  of  one  horizontal  jerk,  and  strictly  in  one  vertical 
plane  a  b  (fig.  4),  the  trace  made  will  in  most  instances  be  found  thus ;  cd,  the 
first  semivibration,  is  made  sensibly  in  the  pkne  of  movement,  but  the  re- 
turning complete  vibration  de/^&  found  diverging  from  it  through  a  sensible 
angle  c  de.  If  the  vibration  of  the  instrument  be  sufiered  to  continue,  its  trace 
rapidly  becomes  an  extremely  elongated  ellipse,  whose  excentricity  constantly 
diminishes,  as  well  as  the  actual  dimensions  of  both  its  axes,  until  the  in^ 
strument  comes  to  rest,  after  tracing  thus  a  mass  of  elliptic  spirals,  from 
which  nothing  certain  can  be  gathered  as  to  direction  in  some  instances— 
in  which,  at  best,  it  is  only  possible  to  arrive  at  a  probable  direction  of 
originating  impulse,  by  drawing  a  mean  major  axis  through  all  these  closed 
curves. 

Constructively,  this  evil  arises  not  only  from  the  nature  of  the  suspension, 
if  a  pendulum  of  gravity,  or,  if  one  of  elasticity,  from  the  form,  material, 
&c.  of  the  suspending  or  supporting  spring ;  but  also,  in  both  sorts,  from  the 
fact  that  it  is  practically  impossible  that  the  point  of  suspension  (or,  in  the 
spring,  its  centre  of  resistance),  the  centre  of  oscillation,  and  the  resultant 
of  the  various  opposing  forces  of  the  stile  or  tracing-point,  shall  lie  in  one 
vertical  plane,  and  that  that  plane  shall  always  coincide  with  that  of  the  wave's 
movement;  and  hence  lateral  divergence  of  the  pendulum  and  elliptic  spiral 
oscillation.  But  it  is  also  partly  due  to  the  nature  of  the  earth-wave  motion 
itself,  which  is  never  a  purely  normal  one,  but  always  more  or  less  disturbed 
by  small  transversals ;  so  that  the  initial  movement  impressed  upon  the  pen- 
dulum is  really  not  exactly  that  of  the  wave's  transit  Before  entering  fur- 
ther, however,  upon  the  subject  of  the  actual  perturbations  of  the  superficial 
earth-wave,  as  now  known,  and  their  effects  in  relation  to  seismometers,  somt 
remarks  may  be  advbable  as  to  the  special  objections  which  I  have  either 
observed  or  experimentally  ascertained  in  respect  to  each  particular  arrange- 
ment of  the  seismometers  already  described. 

1  (a).  The  Cacciatore  mercurial  dish. — If  the  earth- wave  emerge  with  a 
considerable  angle  from  the  horizon,  and  large  velocity,  the  mercury 
first  surges  up  at  the  side  of  the  dish  towards  which  the  earth-wave 
is  in  transit,  and  in  the  direction  opposite  to  its  motion;  it  then, 
after  spilling  out  some  of  the  mercury,  commences  its  return  oscil- 
lation, moving  in  the  same  direction  as  the  earth-wave,  and  spills  out 
another  portion  at  the  opposite  side  of  the  dish.  The  sum  of  the  weights 
so  espilled  out,  taken  at  either  side  of  a  diameter  transverse  to  the 
earth-wave*s  vertical  plane  of  transit,  will  vary  with  every  change 
in  the  angle  of  emergence,  or  in  the  velocity  or  in  the  dimenaioof 
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of  the  earth-wave*  Small  transversal  vibrations,  arriving  almost 
along  with  the  earth-wave,  as  well  as  the  effeeU  of  the  form  of  the 
dish,  and  of  its  delivering-spouts  or  adjutages,  disturb  the  initial 
simple  surge  of  the  mercury  across  the  diameter  of  the  dish,  and  pro- 
duce reflected  and  other  secondary  surge  movements  of  the  mercury, 
which  traverse  round  the  circumference  of  the  dish,  and  «pill  out 
more  mercury  in  irregular  gulps.  The  final  result  is,  that  no  reliance 
whatever  can  be  placed  upon  its  final  indication,  as  to  the  plane  of 
the  earth-wave  transit  having  passed  through  the  centre  of  gravity  of 
that  semicircle  of  cups  which  jare  found  to  contain  the  most  mercury. 
The  result  is  not  materially  different  if  the  line  of  transit  of  the  earth- 
wave  be  perfectly  horizontal.  This  instrument  gives  no  information 
whatever  beyond  a  most  uncertain  approximation  to  the  direction 
of  the  horizontal  component  of  the  earth-wave  transit. 

2  (a).  The  same  objections  generally  apply  to  this  fonn  of  instrument,  and 

one  in  addition,  viz.  that  a  viscid  liquid  like  molasses  must  always 
give  indications  short  of  the  truth  as  to  excursion  in  the  dish  due 
to  any  given  shock,  and  the  more  so  as  it  is  more  tenacious  and 
approaches  nearer  to  a  solid  ;  and  as  we  have  no  correct  means  of 
measuring  viscidity,  even  assuming  it  constant  for  the  same  liquid, 
nor  any  certainty  that  the  specific  gravity  of  such  liquids  remains 
constant  (it  is  certain  molasses  will  not  remain  of  the  same  density 
in  any  climate  for  any  considerable  length  of  time),  so  observations 
made  through  their  means  at  different  times  and  places  can  never 
be  comparable. 

3  (a).  The  same  objections  that  applv  to  1  (a^  apply  to  the  tub  of  coloured 

water,  but  in  a  mitigated  degree,  tne  diameter  being  large,  the 
volume  and  depth  of  the  liquid  great,  and  the  cylindrical  sides  of  the 
tub  free  from  any  apertures  or  inequalities.  The  initial  surge  gives 
a  much  more  distinct  indication  of  direction  than  in  either  of  the 
preceding  instruments ;  and  it  does  not  very  frequently  happen  that 
a  diameter  may  not  be  found  approximating,  with  tolerable  certainty, 
to  the  plane  of  earth-wave  transit  But  in  cases  where  the  normal 
wave  is  preceded  or  accompanied  by  very  appreciable  transversals, 
those  violent  tremors  that  are  now  known  as  the  frequent  ac- 
companiments of  the  actual  shock — the  water-tub  seismometer  will 
give  no  indication,  or  an  uncertain  one,  unless  watched  and  re- 
marked as  to  transit-direction  at  the  instant  of  the  occurrence  of  the 
shock. 

4(a).  Tubes  partially  filled  with  mercury  give  almost  unobjeotionable 
indications  as  to  directum  of  transit.  Their  evils  are  too  great 
delicacy  or  sensitiveness,  for  the  observation  of  that  class  of  earth- 
quakes of  mean  power,  which  are  the  most  important  to  be  studied,  and 
by  which  they  are  completely  deranged  occasionally,  while  they  are 
continually  being  disturbed  in  such  a  seismic  region  by  small  tremulous 
movements  that  are  unimportant  to  notice.  As  respects  their  indi- 
cations of  velocity  and  dimensions  of  the  wave,  they  are  liable  to  the 
objections  already  noticed  as  applicable  to  all  pendula. 

5  (b)  and  6  ip).  The  main  disadvantages  of  these  constructions,  viz.  the 
suspended  and  the  inverted  solid  pendulum  have  been  already 
pointed  out ;  it  may  be  added  here,  however,  that  with  the  inverted 
pendulum  of  Forbes,  the  supporting  spring  is  more  or  less  crippled 
down,  by  a  sharp  vertically  (or  nearly  vertically)  emergent  shock,  which 
gives  a  lateral  movement  (greater  or  less)  to  the  pendulum^  as  though 
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from  a  horizontal  originating  motion,  so  that  the  instrument  gives  in 
such  cases  an  absolutely  false  indication* 
7  (b),  Mr.  Budge's  inverted  spring  pendulum,  restrained  to  a  single  semi- 
oscillation  in  one  plane,  offers  some  decisive  advantages  over  any 
other  form  hitherto  proposed  of  the  pendulum  seismometer.  The 
whole  length  of  the  pendulum  is  elastic ;  and  the  rod  being  light, 
the  whole  weight  by  whose  inertia  it  is  bent  may  be  considered  as 
in  the  ball  or  bob.  If  2  be  the  moment  of  resilience  of  the  rod,  and 
the  deflection  be  not  very  great,  the  angle  trpn=:0,  then — 

S(L  tan  a-ft)=?il, 
3 

L  being  the  length,  and  b  the  horizontal  ordinate  of  deflection  of  the 
pendulum.  It  is  plain  that  although,  like  every  other  elastic  rod, 
thb  will  have  a  time  of  vibration  of  its  own,  and  be  therefore  liable 
to  part  of  the  theoretic  objections  made  to  the  simple  pendulum  on 
the  same  account,  thb  form  of  pendulum  will  be  "brought  up" 
much  more  nearly  within  the  true  limits  of  the  earth-wave  amplitude 
in  its  horizontal  component. 

Perhaps  the  ratchet  and  pall  may  not  be  the  best  mode,  practically, 
of  arresting  its  movement  at  the  end  of  its  first  semioscillation,  with 
sufficient  delicacy,  and  other  methods  are  obvious  that  may  be  ap- 
plicable ;  but  if  the  elastic  rod  be  a  flat  plate  of  sufficient  breadth  in 
relation  to  its  thickness,  and  each  rod  or  pendulum  (of  the  four)  be 
so  placed,  with  reference  to  the  cardinal  points,  that  its  broadest 
dimension  shall  be  transverse  to  its  normal  plane  of  flexure,  it  is  then 
obvious  that  practically  we  may  neglect  any  flexion  of  the  rod  edge- 
ways, the  four  rods  in  section  being  posited  thus  (flg.  5)-* 

N. 
Fig.  5. 

w.-J— 


+ 


and  that  thus  we  obtain  a  flexure,  for  each  pendulum,  practically 
limited  to  its  own  vertical  plane  of  oscillation,  and  so  can  obtain,  for 
any  intermediate  line  of  wave-transit  between  the  cardinal  points  a 
good  approximate  resultant  direction  from  the  two  adjacent  com- 
ponent deflexions.  Perhaps  a  flat  ribbon- like  rod  of  tempered  steel, 
whose  section  should  be  a  rectangle,  with  sides  having  the  proportion 
of  about  30 : 1,  would  be  better  than  an  elastic  wooden  lath  ;  and  in 
either  case,  it  is  probable  that  a  tape  or  silk  ribbon,  fastened  at  the 
side  r,and  passing  with  friction  through  a  small  horizontal  slot  in  the 
elastic  rod,  so  as  to  be  stretched  by  its  deflexion  and  pulled  through, 
would  be  the  best  and  simplest  mode  of  registering  the  deflexion,  or 
the  angle  6. 

While  this  appears  to  me  the  best  of  the  solid-pendulum  arrange- 
ments, I  do  not  wish  to  be  understood  as  recommending  any  one  of 
the  class. 
8  (6).  Santi's  arrangement  is  of  course  subject  to  the  objections  made  to  all 
pendula«    It  possesses  some  advantage  in  separation  of  the  results  in 
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different  azimuths,  and  therein  in  clearness  of  indication ;  but  it  also 
has  special  disadvantages  of  its  own.  If,  for  example,  the  line  of 
earth-wave  transit  l>e  from  S.  to  N.,  and  the  £•  and  W.  pendulum 
be  set  up  at  the  S.  side  of  its  own  wall,  it  will  tend  to  be  thrown 
off  or  out  from  the  wail  by  the  shock ;  if  placed  on  the  N.  side  of 
its  own  wall,  its  friction  will  be  increased  on  its  suspensions, 
and  tracing-point,  by  its  being  thrown  in  or  pressed  against  the 
wall ;  and  if  the  line  of  earth-wave  transit  be,  say  N.W.  and  S.E^ 
both  pendula  will  be  either  thrown  out  from  or  pressed  in  against 
their  respective  walls,  according  to  which  side  of  the  N.  and  S.  walls 
they  be  fixed  at  This  source  of  variable  inaccuracy  might  perhaps 
be  eliminated  by  a  double  set  of  pendula,  viz.  one  at  each  of  the 
opposite  sides  of  the  N.  and  S.  and  of  the  £.  and  W.  walls,  which 
would  thus  be  oppositely  affected  (in  excess  and  in  defect)  by  this 
source  of  error. 
9  (b).  What  has  been  already  stated,  with  reference  to  errors  common  to  all 
pendula,  and  the  remarks  inade  under  7  (b)  as  to  the  superiority  of 
elastic  over  simple  pendula,  render  it  needless  to  enlarge  on  those 
which  were  only  proposed  as  extemporaneous  instruments,  and  for 
which  they  will  be  found  convenient  and  useful,  and  not  more  in- 
accurate than  much  more  elaborate  ones. 

Referring  now  to  the  second  class,  or  self-regulating  instruments, — the 
disadvantage  of  the  one 

^  (a),  proposed  by  the  author  is  of  the  same  character  as  that  of  4  (a)  of  the 
first  class,  tIz.  too  delicate  a  sensitiveness  to  small  tremulous  shocks, 
which  derange  the  composure  of  the  instrument,  without  its  giving 
decisive  indications.  The  galvanic  recording  part  of  the  apparatus 
was  all  that  could  be  desired,  and  is  of  course  applicable  to  other 
forms  of  instrument  as  respects  the  displacement  portions.  Indeed, 
apparatus  identical  in  all  its  main  characteristics  has  been  since 
brought  into  successful  and  constant  use  by  Professor  Airy,  Astro- 
nomer Royal,  for  the  registration  of  astronomical  and  other  kindred 
observations,  and  also  by  several  experimenters  abroad.  An  account 
of  many  such  arrangements  will  be  found  in  De  la  Rive's  <  Treatise 
on  Electricity.' 

2  (a).  The  same  remark,  I  think,  may  apply  to  Professor  Palmieri's  seis- 
mometer, with  this  addition :  the  movement  of  the  mercury,  equal 
columns  of  which  are  contained  in  the  opposite  legs  of  each  U-shaped 
tube,  depends  in  his  instrument  wholly  upon  the  U-tube  being  canted 
over  more  or  less  in  its  own  plane,  so  as  to  throw  the  legs  of  the  tube 
out  of  plumb.  This,  Professor  Palmieri  (if  I  do  not  misunderstand  him) 
considers  an  inevitable  consequence  of  the  transit  of  the  earth-wave 
at  the  instrument,  conceiving  the  earth's  surface  to  suffer,  in  every 
case,  such  a  sensible  heaving  undulation,  as  to  rock  the  instrument 
upon  it,  like  a  ship  upon  a  heavy  ground-swell.  I  must  confess  to 
entertaining  great  doubts  that,  in  the  great  majority  of  earthquakes, 
any  such  sensible  undulation  (enough,  at  least,  to  produce  a  sensible 
throwing  out  of  plumb  of  the  0 -tubes)  can  occur,  although  I 
have  no  reason  to  doubt  that,  from  its  delicate  sensitiveness,  con- 
tact will  be  broken,  and  the  instrument  act  in  so  far,  by  some  of 
the  violent  jars  or  jerks  that  it  may  receive.  This  peculiarity  con- 
stitutes, in  fact,  the  essential  difference  in  arrangement  between 
the  author's  seismometer  and  Prof.  Palmieri's.    In  the  former  the 
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masd  of  the  mercury  is  in  unequal  columns  in  each  tube,  so  that 
its  displacement  is  dependent  solely  on  inertia ;  it  therefore  sympa- 
thizes with  the  movement  of  the  earth-wave,  emergent  in  whatever 
way ;  in  the  latter,  the  correctness  of  indication  of  the  instrument  de- 
pends not  at  all  on  the  inertia  of  the  mercury,  but  simply  upon  the 
alteration  of  relative  surface-level  in  the  opposite  legs  of  the  (J  -tubes, 
when  the  latter  are  thrown  more  or  less  out  of  plumb  by  the  sup- 
posed undulation  of  the  earth's  surface  at  the  transit  of  the  shock. 
S  (6).  Kreil's  ingenious  instrument  is  not  devoid  of  some  serious  objections. 
It  partakes  of  those  common  to  all  pendula ;  and  these  will  be  further 
perplexed  when  the  annular  dish  hi  k I  is  filled  with  mercury,  which 
will  form  a  second  (fluid^  attached  pendulum  with  a  time  of  oscilla- 
tion of  its  own,  and  differing  largely  from  that  of  the  pendulum  which 
suspends  it.  Very  little  value,  however,  can  be  attached  to  the  indi- 
cations to  be  afforded  by  the  very  small  amount  of  mercury  that  can 
be  caused  to  spill  out,  owing  to  the  very  small  arc  of  oscillation  that 
the  whole  instrument  can  be  afforded  to  make  by  construction.  The 
most  serious  objection,  however,  lies  in  the  method  of  flexible  sus- 
pension adopted  for  the  whole  pendulous  part  of  the  instrument,  viz., 
by  two  thori  thin  plates  or  ribbons  of  tempered  steel,  whose  respective 
vertical  planes  are  at  right  angles  to  each  other,  the  object  being  to 
allow  of  oscillation  in  any  direction,  but  prevent  rotation  upon  the 
vertical  axis.  Whenever  a  somewhat  energetic  disturbance  shall 
be  given  to  a  pendulum  so  suspended — so  as  to  cause  oscillation  in 
a  vertical  plane,  diagonal  to  the  crossing  planes  of  the  two  suspend- 
ing ribbons,  torsion  of  each  of  these  arises,  and  violent  twisting 
movements  (by  jerks)  of  the  pendulum  itself  result,  producing  sudden, 
jerking,  rotatorv  oscillations  of  the  bob  (the  cylinder  containing  the 
clockwork,  &o.)  round  the  axis  of  the  pendulum.  These  must  of 
course  interfere  with  and  derange  any  true  results  as  indicated  by 
the  tracing-pencil,  which  must  also  record  all  such  accidental 
moments,  and  probably  derange  tlie  rate  of  the  clock. 

There  does  not  appear,  however,  to  be  any  insuperable  difficulty  in 
devising  another  mode  of  suspension  for  the  instrument,  that  might 
at  least  remove  this  defect. 

Sudi  are  some  of  the  main  objections  to  the  sebmometric  instruments 
themselves,  hitherto  proposed.  It  remains  to  consider  the  difficulties  intro- 
duced by  the  nature  of  the  movements  we  require  to  observe  and  record 
with  them,  as  they  actually  take  place  in  nature.  What  we  want  to  find 
is  the  true  direction  of  emergence  of  the  normal  earth-wave,  with  its  dimen- 
sions and  velocity,  at  a  given  point  upon  the  earth's  surface.  This,  were  the 
earth  a  perfectly  homogeneous  elastic  solid,  though  much  easier,  would  still 
be  attended  with  grave  difficulties ;  one  of  these,  which  must  ever  remain 
instrumentail^  insuperable,  consists  in  the  fact  that  the  emergent  wave  on 
leaving  the  free  outlying  stratum  of  the  earth's  surface,  differs  both  in  dimen- 
sions and  in  velocity  from  the  same  wave  in  the  previous  parts  of  its  deep 
transit.  Future  and  more  perfect  knowledge  of  the  laws  of  imperfectly  elastic 
bodies  in  wave-transmission  will,  it  may  be  expected,  enable  us  to  calculate 
the  latter  from  the  observed  final  part  of  the  transit 

Far,  however,  from  being  homogeneous,  every  portion  of  our  earth's  crust 
that  we  are  acquainted  with  consbts  of  various  '^  couches,"  or  masses  of 
materials,  differing  in  elasticity,  density,  and  degree  of  discontinuity,  in  the 
character^  directions,  and  openness  or  closeness  of  the  discontinuant  fissures. 
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IB  wetness  or  dryness,  in  temperature,  and  in  many  other  ways.  Stratifica* 
tion  and  lamination,  with  their  transverse  master-joints,  affect  the  elasticity 
of  whole  mountain-ranges  and  profound  masses  of  the  land,  and  cause  it  to 
differ  in  different  directions. 

The  mass  beneath  our  feet  is  very  often  not  even  approximately  solid. 
Vast  beds  and  cavernous  recesses  occur,  empty,  or  filled  more  or  less  with 
water,  sometimes  with  lava,  ignited  rock,  and  steam  at  enormous  temperature 
and  tension ;  and,  for  anything  we  as  yet  knoWy  seismometry  may  require  to 
deal  with  depths  and  masses  where  the  solid  has  passed,  with  exalted  tem- 
perature, into  the  imperfectly  liquid  state. 

Again,  the  surface  of  our  earth  is  everywhere  more  or  less  uneven,  and, 
viewed  over  large  areas,  such  as  earthquake-transit  is  concerned  with,  is 
ribbed  with  rigid  mountain-chains,  often  intersecting  or  abutting  on  each 
other,  channeled  by  valleys,  river-courses,  deep  estuaries,  and  l^ys,  exca- 
vated into  basin-shaped  hollows  often  long  and  narrow,  sometimes  filled  with 
unconformable  rock  or  with  loose  and  incoherent  detrital  material,  and  inter- 
sected to  unknown  depths  by  dykes,  veins,  and  faults.  The  result  of  these 
differences  and  disturbances  of  internal  structure  and  superficial  features  is  to 
produce  perturbations  in  the  surface  emergence  of  the  earth  wave,  often  of  the 
most  amazing  and  perplexing  character ;  and  it  is  not  until  the  nature  and 
extent  of  these  have  been  realized  to  the  mind,  that  we  shall  be  enabled  to 
choose  the  best  form  of  seismometric  observation,  to  determine  upon  the  only 
proper  sites  for  the  establishment  of  instruments,  and  to  see  within  what 
limits  our  first  researches  must  be  confined. 

Let  us  notice,  then,  a  few  examples  of  striking  surface«>pertnrbaiioiiy  of 
direction,  of  the  great  earth-wave,  already  on  record. 

Savi  (*  Relazione  di  Fenomeni  presentati  dai  Terreraoti  di  Toscana^  dell' 
Agosto  1846,'  p.  32-44)  and  Pilla  (*Istoria  del  Tremuoto  che  ha  devastato 
paesi  della  Costa  Toscana  il  d)  14  Agosto,  1846,'  p.  48-54)  have  both  recorded 
examples  of  horizontal  apparent  movement  of  the  earth*wave  in  directiom 
orthogonal  or  even  actually  opposite  to  each  other,  and  at  points  within  very 
limit^  distances  from  each  other,  while,  on  tiie  whole,  there  was  no  doubt 
of  a  ruling  general  direction  of  horizontal  movement  over  the  whole  region* 
I  can  merely  refer  to  their  relations,  as  scarcely  admitting  of  oondensation 
intelligibly. 

M.  Perrey,  in  his  *  Memoir  on  the  Earthquakes  of  France,  Belgium,  and 
HoUand '  (M6m.  Cour.  de  I'Acad.  Roy.  de  Bmx.  torn,  xviii.),  under  date  of 
5th  July,  1841,  has  recorded  a  still  more  remarkable  instance  of  surftioe* 
perturbation,  which  the  small  map  (Plate  Xll.)  of  the  northern  and  part  of 
the  central  region  of  France,  with  outlines  of  the  departmental  divisions,  illas* 
trates.  Those  departments  in  which  this  shock  was  felt  are  marked  bynumerals 
referring  to  the  following  table.  The  directions  of  the  horizontal  component 
of  the  shock,  as  observed  at  the  several  places  named,  are  shown  on  the  map 
by  a  short  thick  arrow.  A  few  other  places  where  the  shook  was  felt,  but 
direction  not  observed,  are  marked  by  a  large  dot,  and  the  name  referred  to 
by  a  letter.  A  few  large  towns,  and  the  general  range  of  the  hilly  country 
(running  mainly  in  a  N.W.  and  8.E.  direction)  between  the  two  great  seats  of 
disturbuice,  are  marked  in  mainly  as  general  guides  of  position  to  the  Bje, 
This  earthquake  was  sufficiently  powerful  to  disturb  furniture,  move  objects 
visibly,  and  affect  docks,  ^c,  and  was  variously  reported  to  have  lasted  in 
different  places  from  two  or  three,  to  ninety  seconds  of  time. 
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Number 
on  Map. 

Department. 

Locality. 

Direction  of  Horisontil  Component  r 

1. 

2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 

Seine 

City  of  Paris 

Sevres    •• 

N.E.  to  S.W. ;  three  shocks. 

W.  to  £. ;  three  shocks. 

N.E.  to  S.W. 

Direction  not  given. 

W.toE. 

N.E.  to  S.W. 

S.  to  N. ;  seven  shocks. 

N.  to  S. ;  three  shocks. 

N.toS. 

W.toE. 

N.  to  S. 

S.toN. 

More  than  one  shock ;  direction  not  given. 

Vertical  (soulevement)  ;  two  shocks. 

One  shock ;  direction  not  given. 

S.  to  N. ;  three  shocks. 

r  No  record  of  the  shock  having  heen  felt  in 

\     either  of  these  departments. 

Three  shocks;  direction  not  given;  very  severe. 

Seine  etOise  

Loiret  

Chevrense 

Longjumeau,  m... 

Rambouillet  

Grignon 

Orsay 

Meulan 

Nogent 

Loire  et  Cher 

Indre  et  Loire 

Indre 

Quincay 

Caumacre  

Lange 

Le  Blanc,  n   

Bourges 

Cher 

Eure  et  Loire 

Seine  et  Marne  ... 
Eure \ 

Chartres,  j7... 

Donnemaire  

Oise 

C8te-d*0r 

Bligny-sur-Ouche. 

Here,  then,  we  have  two  very  limited  but  separated  earthquake  districte— one 
around  Paris,  the  other  more  widely  spread  around  Tours— and  a  third  to 
the  S.W.,  stretching  into  C6te  d'Or,  in  which  we  have  the  observed  or  hori- 
zontal direction  of  shocks  from  N.  to  S.,  from  S.  to  N.,  from  W.  to  E.,  and 
from  N.E.  to  S.W.,  and  in  one  place  said  to  be  verticd.  In  the  Paris  dis- 
trict the  extreme  distance  apart  of  the  places  of  observation  does  not  exceed 
SO  English  miles,  the  average  being  under  15  English  miles. 

In  the  Tours  district  the  extremes  are  under  70  English  miles  apart,  and 
the  average  distance  under  SO  miles.  The  central  part  of  one  region  is  not 
more  than  150  miles  from  that  of  the  other;  and  neither  district  is  more 
than  about  70  miles  distant  from  the  axial  line  of  the  chain  of  hills  that 
separates  them,  and  in  the  prolongation  of  which  to  the  S.W.  the  third 
district  is  widely  spread,  taking  the  general  line  of  axial  direction. 

Making  every  abatement  that  imperfect  observation  can  justify,  there 
remains  abundant  proof,  in  this  example,  that  even  in  places  within  view  of 
each  other  as  to  distance,  but  situated  over  heterogeneous  formations,  and  in 
a  country  of  broken  and  irregular  surface,  the  superficial  direction  of  shock 
may  present  anomalies  at  first  sight  apparently  admitting  of  no  analysis,  and 
in  any  case  incapable  of  giving  any  direct  information  as  to  prevailing  direo* 
tion,  or  position  of  focus,  by  mere  seismometric  observations. 

The  third  and  last  example  we  shall  take  from  India,  as  one  not  devoid  of 
a  larger  interest  also.  In  the  map  (Plate  XIV.)  a  very  rude  outline  is 
given  of  the  geological  formations  of  India,  in  a  merely  seismic  relation 
however,  t.  e.  with  reference  to  relative  hardness,  density,  and  elasticity  of 
the  rocky  masses, — thus  distingubhing  them  only  into  the  six  great  divi- 
sions of  crystalline  or  granitoid,  old  stratiform,  secondary  (from  carboni- 
ferous to  cretaceous),  tertiaries,  alluvial  plains,  and  some  igneous  porphyries, 
diorites,  &c  In  the  colouring  of  this  I  have  to  acknowledge  the  kind  as- 
Bistanoe  afforded  me  by  Professor  Phillips.  This  map  has  been  fully  de- 
scribed in  "  Second  Report  on  the  Facts,  ^c"  (Brit  Assoc.  Trans,  for  1851, 
p.  313  et  8eq,)y  where  it  should  have  appeared  originally,  but  was,  at  a  late 
moment,  prevented  by  an  accident  connected  with  its  completion.  I  shall 
therefore,  referring  the  reader  to  the  former  report,  merely  notice  here  the 
facts  as  relating  to  seismometry. 
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The  great  earthquake  of  1819,  which  extended  its  influence  right  across 
thb  peninsula  from  Calcutta  to  Cutch,  and  during  which  the  Ullah  Bund  was 
elevated,  and  the  Runn  of  Cutch  submerged— the  former  a  low  mass  of  sand 
and  clay  seventy  miles  long,  about  fifteeu  miles  wide,  and  elevated  about 
10  feet ;  and  the  latter  an  area  of  subsidence  of  about  2000  square  miles — 
had  a  great  general  line  of  horizontal  propagation  of  shock,  as  shown  by  the 
heavy  red  line,  of  nearly  from  W.  to  E^  a  few  degrees  to  the  S.E. ;  yet  at 
Calcutta  it  was  felt  from  N.E.  to  S.W.,  and  at  many  places  along  this  immense 
line — situated  between  the  Aravulla  and  Vindhya  chains  of  mountains,  as 
for  example  at  Rampura — the  great  shock  was  felt  in  directions  quite  trans- 
verse to  the  principal  l^ie. 

So  also  the  general  line  of  horizontal  direction  of  the  great  earthquake  of 
1833,  whose  origin  was  far  beneath  the  Himalayas  to  the  £.  and  N.,  had  a 
great  general  direction  about  that  shown  by  the  long  red  arrow  line.  At 
Katmandu,  in  the  mountains,  the  shocks  were  more  directly  E.  to  W.,  and 
also  (reflected  shocks  probably)  from  the  ranges  to  the  N.,  which  had  a 
direction  neariy  N.E.  to  S.W.,  while  in  the  great  plain  of  the  Ganges  the 
observed  directions  were  various,  and,  without  a  more  complete  knowledge  of 
the  geology  and  surface-configuration  of  the  country,  perfectly  unanalysable, 
in  some  places  N.  to  S.,  and  at  others,  sixty  miles  off,  from  E.  to  W. 

While  we  must  regard  many  of  these  observations  as  deserving  of  little 
stress  as  to  accuracy,  enough  remains  to  prove  that  perturbations  in  the 
main  directions  of  emergence  at  the  surface  of  the  normal  earth-wave,  due 
to  heterogeneity  of  structure  in  depth,  and  to  inequality  of  surface,  prin- 
cipally, are  of  such  a  nature,  as  to  render  a  special  choice  of  district  neces- 
sary in  attempting  any  seismometrical  researches  (even  with  perfect  instru- 
ments) which  have  in  view  the  determination  of  the  position  of  the  focus 
of  disturbance.  This  choice,  according  to  our  present  knowledge,  must  be 
determined  by  the  following  conditions  :— 

1.  The  whole  surface-area  of  observation,  and  to  as  great  a  depth  as 

possible,  must  be  uniform  in  geological  structure. 

If  of  stratified  rock,  not  greatly  shattered  and  overthrown,  but 
(viewed  largely)  level  or  rolling  only.  The  harder  and  more  dense 
and  elastic  the  formations,  the  better,  but  neither  intersected  by 
long  and  great  dykes,  nor  by  igneous  protrusions  of  magnitude,  nor 
suddenly  bounded  by  such  formations. 

2.  The  surface  must  not  be  broken  up  into  deep  gorges,  and  rocky  ranges, 

and  valleys.  Seismometry,  in  a  high  and  shattered  mountainous 
country,  can  scarcely  lead  to  any  result  but  perplexity.  If  the  surface 
be  deeply  alluvial  all  over,  it  is  less  objectionable  than  valley-basins, 
and  pans  of  deep  alluvium,  with  rocky  ribs  between  them. 

3.  The  size  of  the  area  chosen  for  observation  must  bear  a  relation  to  the 

force  of  the  shocks  experienced  in  it.  Moderate  shocks  are  (dtoays 
best  for  observcUiont  andf  in  large  areas  of  the  most  tmiform  character 
of  formation  and  surface^  will  give  the  most  trustworthy  incUcations. 

4.  If  several  seismometers  be  set  up  in  the  area,  they  should  be  all 

placed  on  corresponding  formations,  either  all  on  rock,  or  all  on  deep 
alluvium.  The  rock,  when  attainable,  is  always  to  be  preferred. 
Three  seismometers,  at  as  many  distant  stations,  will  be  generally 
found  su^cieuty  if  the  object  be  chiefly  to  seek  the  focal  situation  and 
depth. 

Having  now  cleared  the  way  by  stating  the  difficulties  of  seismometric 
observations,  1st,  as  respects  the  instruments  themselves,  2nd,  as  respects 
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their  local  emplaoement,  it  remains  to  describe  the  instrumeDts  that  appear 
to  me  the  best  calculated  for  the  attainment  of  the  objects  we  can  at  present 
propose  to  ourselves  in  seismometry,  and  to  point  out  how  such  may  best  be 
applied ;  as  also  some  indirect  methods  of  arriving  at  the  most  important  and 
interesting  primary  result,  that  we  are  entitled  to  expect  in  the  first  instance 
from  such  researches,  namely,  an  approximation  to  the  actual  depth  of  focus 
within  the  earth,  from  which  earthquake^impulses  are  propagated  to  the 
surface. 

Were  it  possible  to  construct  a  perfect  seismometer,  it  should  record 
simultaneously,  1st,  the  movements)  both  horisontal  and  vertical,  of  the 
elastic  wave  itself,  viz.,  the  excursion  or  amplitude,  the  altitude,  and  the 
maximum  velocity  in  the  coordinates  a?,  y,  and  j?,--«  being  vertical ;  2nd,  the 
movements  of  translation  of  the  **  advancing  form  *^  or  wave  itself  at  its 
etnergence  upon  the  earth's  surface,  with  the  velocities  in  the  correspond- 
ing coordinates  w^y  y,,  and  z^. 

These  involve  alone  twelve  equations  of  condition ;  and  we  tufume  that 
the  elastic  medium  (the  earth)  through  which  the  wave  is  transmitted,  is 
homogeneous,  in  density  and  elastic  modulus;  and  that  the  final  wave- 
movements,  of  the  free  outlying  stratum  at  the  surface,  obey  the  same  laws 
as  do  those  of  the  successive  "  couches  *'  beneath. 

Generally,  we  must  assume  the  elasticity  perfect,  and  that  the  vis  tnoa  of 
any  particle  in  motion,  Ant,  is  determinable  from,  its  velocity  at  its  position  of 
equilibrium*    From  the  general  equation  of  wave*motion 


paces 


(x  <«-'->)' 


we  have  the  velocity  at  any  point  where  a^  is  the  intensity,  X  the  amplitude, 
a  the  transit-rate  or  velocity  of  propagation,  x  the  abscissa,  and  t  the  time. 

At  the  position  of  equilibrium  v=a,  and  the  vis  viva  of  the  particle  Am 
during  the  whole  undulation  is  Amcfiy  and  proportionate  to  a*.  The  wave 
we  must  suppose  emanating  from  a  central  point,  and  propagated  outwards 
in  all  directions  alike,  in  imaginary,  concentric  spherical ''  couches."  The 
vis  viva  must  remain  constant  during  the  whole  propagation.  The  velo- 
city of  propagation  a  is  also  constant ;  and  ths  mass  of  the  medium  in  wave" 
frncHoH  at  any  moment  of  the  translation  is  the  same;  so  that,  if  r=the 
radius  of  any  such  spherical  '^  couche,"  the  work  done  in  it  by  the  wave 
is  proportionate  to  r^xa'^f  and  constant  for  the  whole  transit,  a*  being 

OC  a-T.    As,  therefore,  the  mass  in  simultaneous  undulation  is  constant,  the 
r* 

thickness  of  each  imaginary  successive  **  couche  "  must  decrease  as  r^ ;  and 

so  the  displacing  power  of  the  wave  diminishes  also  as  r*,  and  the  work  done 

by  the  wave  within  any  such  '* couche"  of  determinate  thickness=2^A9na*, 

-»«or  M,  being  the  mass  In  simultaneous  undulation,  s^Mo*. 

The  wave  at  its  origination,  starts  in  any  radius,  with  one  normal  and  two 

transversal  vihratioiis,  the  separate  determination  of  which  would  require  a 

corresponding  increase  in  the  number  of  equations  for  or,  y,  and  z ;  and  in  the 

recorded  facts  by  the  instrument    It  is  obvious,  then,  even  with  the  utmost 

shnpiiflcations  we  can  assume  as  to  the  molecular  condition  of  the  medium 

(the  earth),  that  practically  we  mast  be  content  with  a  seismometer  that  shall 

record  only  some  of  the  more  important  conditions  of  the  earth-wave,  and  in 

such  a  manner  as  shall  enable  us,  indirectly,  to  arrive  at  others.     And  in 

considering  the  relative  importance  of  the  several  dements,  the  maximum 

velocity  of  the  wave  at  its  point  of  emergence  upon  the  surface,  with  the 
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direotioos  in  or,  y,  and  t,  or  the  horisontal  oomponent»  (x  and  ^)  of  the 
direction  of  motion  and  the  vertical  component  z,  will  be  found  the  most 
Taloable. 

These  are  determinable  by  one  instrument  ooly.  By  two  or  more  such, 
at  separate  and  moderately  distant  places,  the  velocity  of  propagation  or 
transit-rate  a  may  be  found ;  and  by  combining  the  results  obtained  by  both, 
in  calculation,  each  may  be  made  to  check  and  control  the  other,  and  for  a 
given  seismic  region  (apart  from  serious  perturbations  of  internal  forma- 
tion) we  can  obtain  the  point  upon  the  surface,  vertically  above  the  origin 
of  the  wave,  and  approximate  to  the  depth  of  the  origin  itself,  or  of  Uie 
focus  of  disturbance,  below  the  earth's  surface. 

One  or  other,  of  two  distinct  seismometric  arrangements,  may  be  adopted, 
both  dependent  upon  similar  principles, — the  second  being  of  a  simpler  and 
less  expensive  chiuracter,  but  not  susceptible  (as  a  single  instrument)  of  indi- 
cations as  accurate  as  the  first,  yet,  as  respects  applicability  to  determi- 
nations of  time  (as  one  of  several,  set  up  in  a  given  seismic  area),  quite  as 
exact. 

I  proceed  to  describe  the  construction  of  both,  their  principles  and  action. 

The  first  instrument  is  exhibited  in  PI.  XV.  figs.  1,  2  &  3.  Fig.  1  is  a 
lateral  geometric  elevation  of  the  instrument,  whose  length  is  placed  in  the 
direction  N.  and  S.,  as  seen  in  plan  in  fig.  2, — a  precisely  similar  instrument 
being  placed  at  right  angles  of  azimuth  to  it,  or  with  its  length  £.  and  W. 
The  same  letters  of  reference  apply  to  similar  parts  in  all  the  figures.  Fig.  2 
represents  both  the  N.  and  S.  and  £•  and  W.  instruments  as  placed  in  posi- 
tion, w  w  being  part  of  the  external  wooden  shell  or  wall  of  the  seismic  ob- 
servatory, which  may  best  be  always  of  wood,  or  such  material,  and  circular 
in  form. 

In  figs.  1  and  2,  a  a  is  a  cast-iron  tabular  bar,  whose  upper  surface  is 
hori^ntal,  and  whose  long  parallel  edges  are  either  N.  and  S.  or  £•  and  W. 
It  is  attached  to  a  rigid  cylindrical  vertical  bar  of  wrought  iron,  b  6,  which 
passes  freely,  but  wiUiout  shake,  through  bored  holes  in  the  top  and  bottom 
collars  of  the  heavy  cast-iron  frame  oc^  which  is  firmly  bolted  by  its  bottom 
flanch  to  the  heavy  stone  floor  of  the  observatory;  or,  if  the  latter  can  be  so 
placed,  to  the  natural  solid  rocl^when  levelled  to  form  its  floor.  Beneath 
the  frame  c  e  is  a  pit,  pp^  for  convenience  of  access  to  the  bottom  of  the 
instrument.  Upon  the  vertical  bar  6,  a  collar  is  fixed  of  wrought  iron,  A, 
between  which  and  the  lower  bored  collar  of  the  frame  c  e,  a  spiral  spring, 
s^  is  placed,  having  its  axis  coincident  with  that  of  the  bar  b. 

This  spring  sustains,  when  at  rest,  the  weight  of  the  bar  and  table  a  a,  and 
of  all  resting  upon  it,  and  is  so  acyusted  as  to  resistance,  that  such  forces  in 
the  vertical  direction,  as  it  mav  be  expected  the  instrument  will  be  exposed 
to  at  any  time,  shall  not  be  able  to  compress  the  spriug  to  such  an  extent,  as 
to  bring  the  lower  surface  of  the  table  a  a,  into  contact  with  the  top  part  of 
the  frame  cc,  A  vertical  *^  feather,**  let  into  the  bar  b,  prevents  it,  or  its 
superior  attachments,  from  altering  Uieir  position  with  reference  to  the  frame 
cc^hj  turning  round  the  vertical  axis  of  the  bar  b  in  its  collar-bearings. 

A  small  sliding  index,  not  shown  in  the  figure,  also  moves  in  a  longitudinal 
groove  at  the  opposite  side  of  the  bar  6,  and,  being  placed  in  contact  with 
the  top  of  the  frame  c  e,  when  the  whole  is  at  rest,  indicates  the  extent  of  any 
vertical  depression  of  the  bar  by  and  of  its  load,  by  compression  of  the  spring 
e.  A  buffer  collar  of  vulcanized  india-rubber  is  placed  at  /,  above  the  iron 
eollar  ^  as  a  precaution  against  ajar,  in  case  of  the  sudden  removal  of  part 
of  the  load  on  a  a  by  any  accident 
.    Upon  the  upper  side  and  centre  of  the  lengthy  of  the  tabular  bar  a  a,  is 
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cast  a  hollow  quadrilateral  prisnii  g^  which  will  be  called  ^^  thehlock^^  proyided 
with  four  "  lugs"  to  receive  the  pivot-screws  «,  n, «,  n.  The  table  aoy  sup* 
ports  two  similar  cast-iron  inclined  planes  t,  t,  having  for  their  entire  length 
the  trough-shaped  section  as  shown  in  fig.  S.  These  planes  are  fixed  to 
the  table  aa^  by  the  pivot-screws  n^n^  and  by  the  adjusting-screws  m,  m 
beneath,  so  that  by  means  of  the  latter,  the  inclination  of  either  plane  may 
be  altered  or  fixed,  being  otherwise  free  to  rotate  in  a  vertical  plane, 
within  certain  limits,  round  the  pivot-screws  n,  n^  so  as  to  alter  the  angles 
of  inclination. 

Upon  each  of  these  inclined  planes,  is  placed  a  large  heavy  ball,  formed  of 
a  hollow  sphere  of  hard  gun-metal,  of  about  0*3  of  an  inch  in  thickness, 
truly  spherical  and  polished  outside,  and  filled  up  solid  with  lead.  These 
balls  are  adjusted  in  diameter,  to  the  breadth  and  form  of  the  inclined  planes 
(as  in  fig.  3),  so  as  freely  to  roll  along,  with  but  two  points  of  contact. 

When  the  planes  2,t  are  adjusted  at  equal  inclinations,  the  balls  B,  B,  rest 
at  their  lowest  ends,  and  are  laterally  in  contact  with,  and  supported  by,  the 
hard  wood  stops  r,  r,  driven  (from  outside  inwards)  through,  and  well-fitted 
in,  corresponding  rectangular  horizontal  "slots*'  in  opposite  sides  of  the 
block  Qy — the  end  of  each  wood  stop  being  curved  to  fit  the  surface  of  the 
balls,  in  a  horizontal  great  circle,  and  so  that  the  plane  of  the  stop  passes 
through  the  centre  of  gravity  of  the  ball.  Through  each  wood  stop  there 
pass  the  c—  and  c-f  extremities  of  a  galvanic  conducting-circuit  of  thick 
copper  wires,  placed  at  about  an  inch  apart,  where  they  pass  parallel  to  each 
other,  through  the  wood  stop,  with  their  extreme  ends  coinciding  with  the 
surface  of  the  stop  next  the  ball,  and  being  amalgamated ;  so  that  while  ever 
the  ball  reposes  in  contact  with  the  wood  stop,  the  galvanic  circuit  remains 
completed^  through  the  hall^  between  the  ends  of  the  wires,  but  is  broken 
the  moment  the  ball  is  removed  from  contact  with  them. 

For  one  complete  seismometer  there  are  two  such  instruments  as  have 
been  thus  described, — one  placed,  as  in  fig.  2,  in  a  N.  and  S.,  and  the  other 
in  an  £.  and  W.  direction,  as  respects  their  length,  and  having  thus  four 
inclined  planes  and  balls,  each  with  its  own  distinct  galvanic  circuit  from 
one  common  battery.  A  clock  placed  in  the  observatory  carries  round  a 
cylinder  with  ruled  paper,  and  each  of  four  pencil  markers  continues  to 
describe  an  unbroken  line  thereon  so  long  as  the  balls  are  in  contact  with  the 
blocks  (or  wood  stops  and  galvanic  poles);  but  (by  an  arrangement  pre* 
cisely  similar  to  that  described  for  my  fluid  pendulum  seismometer — Trans* 
Roy.  Irish  Acad.  vol.  xxi.  p.  107)  the  moment  any  ball  ceases  to  be  in  con- 
tact with  the  block,  and  for  as  long  as  it  is  so,  the  pencil  is  withdrawn,  and 
leaves  a  break  in  the  otherwise  continuous  line  traced  by  the  rotation  of  the 
paper.  No  part  of  this  clockwork  registering-arrangement  is  shown  in  the 
Plate,  as  several  modifications  of  it  are  practicable,  and  no  one  in  parti- 
cular is  essential  to  the  principle  of  the  seismometer  before  us. 

To  illustrate  the  mode  of  action  of  the  instrument, — returning  to  fig.  1, 
suppose  it  to  be  the  N.  and  S.  one,  and  adjusted  so  that  the  bar  b  is  tmly 
vertical,  the  parallel  sides  of  the  inclined  planes  t  and  t  truly  in  diredunii 
their  angles  of  inclination  to  the  horizon  the  same.  Then  if  the  arrow  Q 
represent  the  direction  of  emergence  of  an  earthquake-wave  (supposed  here 
to  be  in  the  plane  of  the  meridian,  and  from  S.  to  N.),  at  the  first  instant 
that  the  wave  reaches  the  instrument,  the  bar  ^,  and  table  a  a,  with  all  they 
carry,  will  commence  to  descend  and  to  compress  the  spring  e  by  their  inertia, 
with  a  velocity  dependent  upon  the  vertical  component  of  the  wave,  which 
carries  up  the  frame  c  c  vertically.  Also  at  the  first  instant  of  arrival  of 
lkfae  wave,  the  ball  B,,  in  virtue  of  its  inertiai  will  move  off  .from  the  block 
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towards  C,  ;  and  the  indant  of  its  depariurcy  by  breaking  galvanic  contact  of 
the  poles  at  its  stop,  marks  thai  of  the  commeticement  of  the  shock.  But  the 
whole  instrument  is  carried  forward  by  the  horizontal  component  of  the 
shock,  and  then  moves  back  again ;  the  ball  B  is  therefore  carried  forward 
also,  ui^^  by  the  block  at  r,  and  is  caused  to  roll  up  along  the  inclined 
plane  a  certain  distance,  say  to  C,  where  it  comes  to  rest,  and,  reversing  its 
motion,  rolls  back  again  by  gravity,  and  returns  to  rest  in  contact  with  the 
block  and  galvanic  poles  of  its  own  stop.  The  ball  which  first  moves,  which 
we  may  call  the  Time  Ball  (as  indicated  in  time  by  the  pencil  trace  on 
the  clock-cylinder  paper),  will  always  be  that  at  the  side  from  which  the 
shock  arrives.  We  neglect  any  accouot  of  its  subsequent  motions.  The 
other  ball,  which  we  may  call  the  Element  Ball,  by  its  movements  gives 
us  the  elements  of  the  wave.  The  instrument  records  tlie  whole  time  that  it 
is  out  of  contact  with  the  block  g,  viz.  that  of  its  excursion  up  and  down 
the  inclined  plane  t.  If,  in  place  of  the  wave  having  emerged  at  some  angle 
to  the  horizon  from  S.  to  N.,  it  had  come  at  the  same  or  at  any  other  angle 
of  emergence  between  vertical  and  horizontal,  in  the  reverse  direction  or 
from  N.  to  S.,  then  the  action  of  the  balls  also  would  have  been  reversed, 
B  becoming  the  Time  Ball,  and  being  left  behind,  and  thus  noting  the  mo* 
ment  of  arrival  of  the  wave ;  and  B^  being  thrown  up  along  the  inclined 
plane  t,  giving  its  elements. 

Again  (referring  to  fig.  2),  if  the  wave  emerge  at  some  azimuth  between 
N.  and  S.  and  E.  and  W.,  suppose  from  the  S.W.,  with  any  angle  of  emergence, 
then  by  the  vertical  component  the  springs  of  both  the  N.S.  and  E.W.  instru- 
ments will  be  compressed  (and  nearly  alike).  The  time  balls  B,  of  the  N.S.  and 
B,  of  the  E.W.  instruments  will  be  left  behind,  as  before,  (and  both  at  the 
same  instant  will  break  contact  with  the  block);  and  the  element  balls  B  and 
B  will  be  thrown  forward  upon  their  respective  inclined  planes,  as  before — to 
equal  distances  in  the  case  of  the  exactly  intermediate  azimuth  here  supposed, 
but  to  unequal  distances  if  this  azimuth  be  more  to  the  W.  or  to  the  S. 
The  instrument  records  the  simultaneous  excursions  of  both  balls  B  and  B, 
giving  the  total  time  (as  before)  that  each  ball  is  out  of  contact  with  its  own 
block  or  stop ;  and  if  the  direction  of  the  wave-movement  be  reversed  as  re« 
spects  the  instrument  (suppose,  from  some  point  of  N.E.  towards  S.W.),  then 
tberespectivemovements  and  functions  of  the  balls  will  also  reverse  themselves^ 
B  and  B  being  left  behind,  and  B,  and  B,  thrown  forward,  &c. 

The  general  size  and  strength  of  the  instrument  must  be  determined  with 
reference  to  the  degree  of  violence  of  the  earthquake-shocks  to  be  anticipated 
in  the  seismic  region  it  is  intended  for.  The  very  greatest,  and  the  very 
smallest  perceptible  shocks,  are  alike  unsuited  for  useful  measurement.  The 
dimensions  of  the  instrument^  as  shown  by  the  scale  of  the  plate,  are  such  as 
1  consider  fitted  to  ensure  its  functions,  under  the  effects  of  those  shocks  of 
mean  intensity  (such  for  example,  as  those  common  in  the  Mediterranean 
basin,  or  in  those  of  Hungary  and  Austria),  and  with  moderate  vertical  angles 
of  emergence,  which  are  those  best  to  observe  in  the  existing  state  of  our 
knowledge. 

The  most  important  points  of  precaution  of  a  constructional  character  to 
be  noticed  are  the  following : — The  balls  should  be  of  lead  chiefly  (the  sur- 
face being  formed,  for  hardness  and  smoothness,  of  gun-metal),  to  reduce 
their  proper  elasticity  as  much  as  possible.  The  inclination  of  the  planes  t,  i 
must  be  small,  probably  never  exceeding  15°,  and  the  length  and  inclination 
so  adjusted  by  experiment,  to  the  maximum  time  of  wave-oscillation  in  the 
district  of  observation,  that  the  whole  time  of  rolling  up  and  down  of  the  ball 
shfiJl  be  considerably  longer  in  duration.    Their  bearing-edges  must  be  per- 
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fecUy  parallel  and  smooth ;  and  the  length  of  the  planes  most  be  such,  as  to 
make  it  highly  improbable  that  anj  baU,  in  its  excursion  under  shoek»  can 
reach  the  upper  end.  A  wood  stop  is  fixed  at  this  point  to  arrest  the  ball, 
should  it  ever  chance  to  reach  it;  and  bejond  this  a  stout  net  (like  the  purse  of 
a  billiard-table)  may  be  fixed  to  a  separate  support  (from  the  floor),  to  receive 
the  ball,  if  upon  an  extraordinary  occasion  thrown  out  of  the  instrument. 

It  is  assumed  that  any  alternate  alteration  of  the  incliaation,  of  the  inclined 
planes  t\  «,  by  actual  surface^undulatioth  carrying  the  whole  Instrument  with 
it  at  the  passage  of  the  earth-wave,  may  be  neglected,  ue.  that,  for  example, 
a  wave  passing  in  a  direction  from  S.  to  N.  will  not  sensibly  lift  up  the  S.  end 
(of  the  N.  S.  instrument)  first,  and  then  the  N.end,  and  so  first  mcrease  the 
inclination  of  the  plane  of  B,  and  reduce  that  of  B,  and  then  vice  versd ; 
and  that  whatever  amount  of  tiUing  may  thus  occur  will  so  momwtarily 
afiect  the  inclined  planes,  and  in  opposite  directions,  as  not  to  interfere 
with  the  proposed  movements  of  the  balls. 

This  assumption  b  justified  by  the  fact  that  the  value  of  X,  the  amplitude 
of  the  earth-wave  in  the  nonnal,  is  always  great  in  relation  to  its  altitude, 
and  in  the  case  of  oblique  surface-emergence  its  horizontal  component  is  of 
still  greater  length ;  so  that  the  angle  of  slope  of  either  face  of  the  emergent 
wave  with  the  horizon,  is  practically  imperceptible  in  moderate  shocks ;  and, 
further,  any  tilting  that  can  occur  takes  place  in  opposite  directions  sue* 
cessively,  so  as  nearly  to  compensate. 

The  vertical  spring  e  must  be  delicate  and  sensitive,  at  the  first  instant  of 
its  compression,  in  proportion  to  the  movement  by  inertia  of  the  large  mass 
that  it  carries,  and  its  range,  proportioned  to  the  degree  of  steepness  of 
emergence  to  be  expected  in  Uie  region  of  observation. 

The  whole  vertical  component  is  absorbed  by  this  spring,  and  may  be  mea- 
sured by  its  compression  ;  but  it  is  important  that  it  shall  give  way  sensitively, 
at  the  first  moment  of  shock,  in  order  that  neither  of  the  balls  shall  have  any 
tendency  to  rise  from  the  inclined  planes  that  support  them^  and  that  its  resili- 
ence shall  not  be  too  lively,  so  as  not  to  produce  rebound  upon  the  restoration 
from  compression.  In  certain  seismic  regions,  where  great  steepness  of 
emergence  may  be  looked  for,  the  vertical  component  will  probably  be  best 
met  by  the  depression  of  a  conical  float  with  the  apex  downward,  fixed  to 
the  lower  end  of  the  bar  bb,  into  a  cylindrical  vessel  of  water  placed  beneath 
the  instrument ;  but  this  must  be  matter  of  experiment  in  such  regions. 

Were  the  whole  instrument  rigidly  fixed  to  the  ground,  the  latter  as  well 
as  the  materials  of  the  instrument  and  bail  highly  elastic,  and  the  velocity 
of  emergence  of  the  wave,  in  its  vertical  component,  very  great,  it  is  obvious 
that  time  would  not  be  afforded  to  the  ball  B,  merely  to  roU  up  along  the 
plane ;  it  would  be  throtan  up  obliquely  from  it,  and,  describing  a  short  tnyec- 
iory,  would  fall  back  again  upon  the  plane  a  little  higher  up,  and  then  re- 
peat a  still  shorter  trajectory,  or  begin  to  roll  upwards.  But  the  ball  b  very 
inelastic,  the  rate  of  emergence  of  the  wave  is  not  very  great  in  its  vertical 
component ;  and  the  effect  of  thb  upon  the  instrument  b  spread  over  a  still 
longer  time  by  the  interposition  of  the  spring  e. 

If  ^=the  time  of  the  wave  in  seconds,  -  will  be  nearly  the  instant  of  its 

maximum  velocity  v,  in  feet  per  second ;  thus  the  condition  that  shall  ensure 
the  ball  B  rolling  only,  and  not  being  projected,  is  that  the  vertical  compo- 
nent of  V  shall  be  less  than 


r=S2|. 
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Unksfy  potsibly,  in  the  case  of  nearly  vertical  emergence,  and  from  the  most 
Bolidy  and  elastic  crystalline  rock,  an  ample  latitude,  ^,  is  secured  by  the  ver- 
tical spring. 

We  will  now  consider  the  movements  of  the  element  balls  B  and  B^  along 
the  planes  t,  t,  due  to  the  horizontal  component  of  motion,  taking  the  two  in- 
struments (vis.  the  N.  S.  and  £.  W.  seismometers)  together,  and  assuming  the 
horizontal  component  in  any  azimuth  0* 

The  blocks  g  r  (N.  8.)  and  g  r  (£.  W.)  move  forward  horizontally,  and 

force  on  the  balls  B  and  B^  before  them  until  the  instant,  A  when  the  blocks 

have  acquired  their  maximum  velocities,  with  that  of  the  wave,t^;  the  balls  then 
part  company  from  the  blocks,  and  continue  to  move  up  along  the  respective 
inclined  planes  t,  t,  sliding  for  the  first  Indefinitely  short  moment,  and  theni 
with  a  certain  reduction  of  velocity  due  to  the  friction  of  the  planes  which 
produce  the  change  of  motion,  roUing  up  along  them.  Thb  initial  sliding 
velocity  will  be 

For  the  ball  B  ...  V=r  sin  6 ; 

For  the  ball  B,  • . .  V=t;  cos  0. 

As  soon  as  the  sliding  is  converted  into  rolling  motion  by  friction,  these 
velocities  will  become 

--  v  sin  6,  and  -  v  cos  0. 

7  7 

Assuming  that  the  change  takes  place  almost  instantly  after  the  balls  have 
begun  to  move  from  the  blocks,  «•  e.  that  gravity  has  not  had  time  perceptibly 
to  alter  the  velocity  up  the  plane,  and  neglecting  the  small  efiects,  due  to  the 
elastic  compression  of  the  balls  and  blocks  themselves,  and  also  supposing 
that  the  lots  of  velocity  of  the  ball,  by  conversion  of  its  sliding  into  rolling 
motion  by  friction,  is  less  than  the  diminution  of  velocity  of  the  block  (in  the 
same  short  time),  in  returning  from  its  maximum  velocity  to  rest,  the  balls 
B  and  B,  will  be  retarded  by  forces — 

For  B =gBiah 

7 

For  B,    -^  cost, 

t  being  the  conunon  inclination  of  the  planes. 

The  ball  B  will  therefore  ascend  upon  its  plane  to  a  vertical  height 


(f^ "'"«)'_ « «. 


10  Ug 

7^ 


we  have  therefore 

V  sin  6 


So  abo  the  ball  B|  will  ascend  to  the  height 

9 cos 6=  4  /I 
V    i 


therefore 

tanO 


V  H'' 
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or.  if  ^=32.  V=y^f|8  (H_H')=  V-89-6  (H-H'). 

This  calculation  assumes  that  the  sliding  is  converted  into  rolling  motion  in 
an  indefinitely  short  time,  as  it  would  in  fact  be,  if  the  adhesion  of  the  balls 
were  large,  and  the  inclination  of  the  planes  i  small ;  but  if  the  inclination 
of  the  latter  be  considerable,  as  15^  or  upwards,  a  more  exact  determination 
is  necessary. 

Let,  as  before,  the  horizontal  components  of  the  velocity  with  which  the 
balls  begin  to  move,  be  v  sin  0,  and  v  cos  0,  Z  the  velocity  in  the  vertical, 
and  the  inclination  of  the  planes  i  now  large. 

The  initial  velocity  of  ascent  parallel  to  the  planes  will  be. 
For  the  ball  B  . .  . .  . . . .  vsin  0  cost  +  Z  f^in  t, 

and  For  the  ball  Bj v  cos  0  cos  t  +  Z  sin  i. 

Let  0  be  the  coefficient  of  frictional  adhesion,  of  the  balls  to  the  plane; 
then  they  will  ascend  the  planes  to  the  heights, 

j>  TT  ^(rsinO  cost-f-Z  sint)*  2tant+50 

2^  2  tan  1+70 

«  TT  _(t?  cos  0  cos  1 4-  Z  sin  i)*  2  tan  t+5<b 

x3|.  •  •  •  Jrli  — •  — 1 — — — • 

*  ^  2ff  2tant+70 

V  and  0  are  known  if  the  value  of  Z  be  given  ;  and  this  may  be  ascertained 
experimentally  from  the  compression  of  the  vertical  spring;  or,  as  sug- 
gested by  my  friend  Dr.  Harte,  to  whom  I  have  been  indebted  for  these 
equations,  a  second  pair  of  experimental  inclined  planes  and  balls  might  be 
used,  with  an  inclination  greater  than  t  (say  2i),  from  the  observed  movements 
upon  which,  two  more  equations  could  be  got,  the  four  equations  being  then 
more  than  enough,  to  determine  v,  Z  and  0. 

But  the  nature  of  the  instrument  is  to  record  the  values  of  H  and  H^  in 
terms  of  the  whole  time  that  the  balls  B  and  B  are  out  of  contact  with  the 
block  gr,  t.  e.  of  their  rolling  up,  and  down,  the  inclined  planes, — this  time 
being  given,  by  the  lacune  in  the  pencil-trace  made  upon  the  revolving  cy- 
linder of  paper  carried  along  by  the  clock.  The  time  of  the  balb'  ascending 
to  the  highest  point  reached  on  the  plane  will  be  independent  of  adhesion  ; 
and  calling  it  t,  we  have. 

For  the  ball  B ^^t>giDfl  cos.+Zsint. 

g  sin  t 

FortheballB,    ,  ^t^cosO  cost+Zsint, 

g  sin  i 
The  time  of  descent  back  to  the  starting-point,  due  to  the  heights  H  and  H', 
will  be  a  little,  but  inappreciably,  less  £an  this. 

The  entire  time  of  the  double  oscillation  of  each  ball,  therefore,  or  its 
movement  up  and  down  the  plane,  as  recorded  by  the  instrument,  is, 

p^rg         T^t;  sine  cos t+Z sin t  A  ^       /2tan«  +  5»\ 
^"nt  V       V  2tant+7^/' 

and  p^^g       ^^t;co8eco8t+Zsint' A  .       /2  tan  i4-50\> 

'    "     '  ^8>n»  V      V  2tani+7^/ 

the  coefficient  ^  being  always  =tan  a,  the  angle  of  sliding  for  the  surface- 
material  of  the  balls  upon  that  of  the  inclined  planes. 


Digitized  by 


Google 


ON  THB  FACTS  AND  THBORT  OP  BABTHQITAKB  PHBNOHBNA.  dS 

Reverting  now  to  the  time  balls  6,,  BS  those  which,  being  left  behind,  record 
the  instant  of  the  arrival  of  the  shock  at  the  instrument, — it  has  been  stated 
that  we  have  no  occasion  to  determine  their  subsequent  movements;  it 
may  be  well,  however,  to  clear  our  notions  generally  as  to  what  these  will 
be.  Rotation  is  almost  instantly  communicated  to  these  balls  by  adhesion 
with  the  moving  planes  on  which  they  rest.  The  block  moves  off  horizon- 
tally (in  the  direction  of  the  wave)  from  the  ball,  which  rolls  thus  with  a 
retarded  motion  up  the  inclined  plane  in  a  relatively  opposite  direction.  The 
block  attains  its  maximum  velocitrv  V»  and,  coming  to  rest,  reverses  the  direc* 
tion  of  its  own  motion,  and  now  follows  back  after  the  ball  that  it  had  left 
behind,  which  it  ma^f  overtake,  and  striket  with  a  relative  velocity  equal  to 
the  sum  of  its  own  velocity  and  that  of  the  ball,  or  to  their  difference,  depend- 
ent upon  the  state  of  motion  of  the  ball  at  the  moment  of  impact.  The 
impact  calling  forth  elastic  force  from  ball  and  block,  the  former  will  be 
thrown  up  along  the  inclined  plane ;  but  the  extent  of  this  movement,  or 
whether  it  occur  at  all,  will  depend  upon  the  dimensions  and  velocity  of  the 
wave  itself  (resolved  into  the  line  of  movement  on  the  inclined  plane)  and 
upon  the  elasticity,  &c  of  the  ball  and  block.  These  we  have  no  occasion 
to  pursue  further :  the  actual  movements  of  these  balls,  B,  and  BS  how« 
ever,  will  be  found  recorded  in  time  also,  by  their  own  pencil- tracers  on  the 
cylinder ;  but  the  only  indication  that  concerns  us,  is  the  first  instant  of 
broken  contact,  as  already  explained. 

A  single  seismometric  observatory,  such  as  has  been  now  described,  set  up 
within  a  given  region  of  disturbance,  is  capable  of  giving  the  elements,  neces- 
sary for  the  calculation  of  the  position  of  the  seismic  focus,  but  without  the 
power  of  controlling  the  accuracy  of  the  results,  except  in  so  far  as  coinci- 
dent repetitions  may  confirm  or  refute  them.  But  if  three  stick  seismome- 
tric observatories  be  set  up  within  the  region  chosen,  in  positions  that  shall 
form  the  angles  of  a  triangle  with  respect  to  each  other,  at  moderate  distances 
apart  (from  15  to  80  miles),  and  these  be  all  connected  by  galvanic  wireS) 
so  that  the  whole  of  their  records  shall  be  made  upon  a  single  paper  cylinder, 
moved  by  a  single  clock  in  one  of  the  three  observatories,  we  then  have  a 
further  control,  and  an  independent  method  of  obtaining,  both  the  hori- 
zontal component  of  direction,  and  the  surface- velocity,  from  which,  by 
methods  yet  to  be  stated,  the  depth  of  origin  may  be  calculated  without 
direct  ascertainment  of  the  vertical  component  in  Z.  The  cylinder  must  in 
this  case  carry  twelve  pencil-tracers,  four  leading  from  each  observatory. 

This  leads  us  to  the  second  and  somewhat  simpler  form  of  seismometer 
proposed  by  me,  and  shown  in  figs.  4, 5,  6  and  7  (of  Plate  XV.).  In  some  re- 
spects, the  principles  of  this  instrument  are  the  same  as  of  that  just  described : 
like  the  former,  it  is  a  double  instrument,  each  instrument  having  two  move- 
able balls;  but  their  action  is  different.  Fig.  4*  represents,  in  elevation,  one 
of  tliese  instruments  (let  us  suppose,  that  N.  S.)  as  seen  looking  eastward, 
and  the  upper  part  of  which  is  seen  in  plan  in  fig.  5.  ssis  the  floor  of  the 
observatory  within  which  the  two  similar  instruments  are  placed,  f  ^  is  a 
shallow  and  flat-bottomed  dish  or  basin  of  some  feet  in  diameter,  and  about 
nine  inches  in  depth,  formed  by  a  circular  wooden  curb  or  rim  secured  to 
the  floor. 

In  the  centre  of  this,  there  stands  up  vertically  a  very  stiff  pillar  or  upright, 
rigidly  secured  into  the  floor,  and  which  may  be  either  of  hard  stone,  hollow 
cast  iron,  or  of  hard  wood,  but  best  of  the  second*  Its  upper  end  is  formed 
of  wrought  or  cast  iron  in  the  form  shown ;  and  into  it  are  secured  the  vertical 
supports  of  hardwood,  s^s,  which  are  placed  with  their  parallel  and  vertical 
axes  in  the  plane  of  the  meridian  or  at  right  angles  thereto,  and  areprepared. 
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80  88  to  8upport  the  balU  6  and  B,  upon  their  upper  ends,  which  are  sUghtly 
hollowed  to  the  8ame  curve  as  the  surface  of  the  balls,  as  seen  at  full  size  in 
fig.  7«  The  balls,  when  in  this  position,  rest  against  and  are  steadied  by  the 
hollow  stop  over  the  axis  of  the  vertical  pillar,  b  in  figs.  4,  5,  and  6. 

The  balls  may  be  common  cast-iron  cannon  shot,  chosen  of  good  sphe* 
rical  form  and  of  equal  weight ;  and  each  ball  is  in  metallic  connexion  at  one 
point  of  its  surface  with  a  galvanic-circuit  wire,  of  which  it  forms  one  pole, 
marked  ety — the  supports  «, «,  and  the  stop  6,  being  all  of  hard  wood  or  other 
insulating  material,  as  pottery  or  glass.  The  height  of  the  central  column 
should  be  such,  that  the  centre  of  gravity  of  each  of  the  two  balls,  when  on 

their  supports,  may  be  some  submultiple  of  82  ffe.=^  (say  8  feet  '=2^)>  for 

facility  of  calculation. 

The  shallow  basin  ^^  is  subdivided  in  two  semi*circular  separate  areas,  by 
a  wood  division,  dy  equal  in  depth  to  the  outer  rim,  this  division  crossing  in 
the  diameter  which  lies  at  right  angles  to  the  plane  of  the  supports  «, «, — t.  e. 
being  east  and  west  for  the  north  and  south  balls*  and  vice  vmd  in  the  other 
instrument  Each  segment  of  the  shallow  basin  is  lined  within  its  outer  rim 
and  bottom  with  sheet-lead,  which  is  at  one  point  of  each  in  metallic  con« 
tact  with  the  other  pole  of  the  galvanic  circuit  marked  E^— . 

The  two  segments  of  the  dish  are  filled  up  to  the  level  of  the  surround* 
ing  rim,  with  a  bed  of  damp  sand,  pressed  uniformly  and  *<  struck  off"  level 
to  the  rim  by  a  straight  edge,  so  as  thus  to  present  a  uniform  bed  9  inches 
deep,  the  bails  B,  B«  being  6  inches  in  diameter  and  8  feet  above  it.  While 
the  instruments  (i.  e.  that  N.S.  and  E.W.)  are  thus  prepared,  the  galvanic 
circuit  remains  constantly  broken,  the  poles  formed  by  the  balls  being  in* 
sulated  from  the  other  poles  formed  by  the  sand-beds,  the  lead  lining,  &c* 
Suppose  now,  in  fig.  4',  an  earthquake-wave  to  emerge  from  S«  to  N.  in  the 
direction  of  the  arrow ;  the  ball  B,  is  ieft  behind  as  in  the  former  instrument, 
topples  off  its  slender  support  s,  and  commences  to  fall  to  the  surface  of  the 
sand.  The  moment  it  strikes  the  sand,  it  makes  contact  with  its  own  circuit, 
and  as  the  time  of  its  fall  can  be  exactly  calculated  and  is  constant  (neglecU 
ing  the  small  resbtance  of  the  air),  thb  ball  (as  before)  marks  the  precise  mo* 
ment  of  the  arrival  of  the  shock  at  the  instrument.  The  other  ball  B  is 
urged  forward  by  the  movement  of  the  whole  instrument  in  the  direction  of 
the  arrow,  or  that  of  the  wave's  emergence,  being  supported  by  s  and  ft,  until 
the  instrument  acquires  its  maximum  velocity  v  as  before.  This  ball  is  then 
thrown  off  from  its  support  with  this  velocity,  and,  describing  a  small  trajec- 
tory in  air,  falls  to  the  bed  of  sand,  and  in  its  turn  makes  contact  with  its  own 
galvanic  circuit.  The  ball  partially  buries  itself  in  the  damp  sand  at  the 
spot  it  falls  upon,  without  change  of  position  from  any  elastic  effort,  all  such 
being  absorbed  by  the  ''  deadness  "  of  the  sand.  If  the  shock  has  been  in 
the  plane  of  the  meridian,  the  place  where  it  shall  land  on  the  sand-bed  will 
also  be  in  that  plane,  say  at  B'. 

Then  the  horizontal  distance  from  the  centre  of  its  support  s  to  the  centre 
of  the  ball,  measures  the  horizontal  component  of  the  velocity,  this  space 
being  described  by  it  during  the  time  of  its  descent  through  eight  feet.  The 
difference  in  time  (as  shown  upon  the  ruled  paper  by  the  pencil-tracers  and 
clockwork  as  before)  between  the  instant  of  B^  and  of  B  leaving  their  sup- 
ports, is  almost  exactly  =  ~,  or  half  the  time  of  the  wave. 

The  same  explanations  will  apply  to  the  other,  or  £.  and  W.  instrument ; 
and  if  the  azimuth  of  emergence  B  be  somewhere  between  N.  8.  and  E.W., 
all  four  balls  will  be  displaoedi  and  the  obUquHy  ^idbYMr  of  each  of  the  balls 
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B  (N.  and  S.)  and  B  (E.  and  W.)  from  their  respective  cardinal  and  yer* 
tical  planea,  will  indicate  the  actual  azimuth  of  the  horizontal  component  of 
the  earthquake  wave — giving  this  indication  in  two  ways,  each  controlling 
the  other, — viz.  by  direction  of  throw  as  stated,  and  by  distance  of  horizontal 
traject,  which  will  be  proportionate  to  sine  and  cosine  0, 

The  stop  by  it  should  be  remarked,  is  hollowed  at  contact  with  each  ball, 
so  as  to  embrace  90^  of  its  horizontal  great  circle ;  so  that  in  case  6=45^ 
from  the  meridional  or  the  £.  and  W.  planes,  the  balls  cannot  slip  aside,  but 
must  be  thrown  in  the  same  direction,  the  extreme  angles  of  the  stop  then 
passing  through  the  plane  of  motion  and  centre  of  gravity  of  the  balls. 

Figs.  5  and  6  show  in  plan  the  relative  positions  of  the  N.  S.  and  £.W. 
instruments,  the  upper  portions  alone  being  represented,  and  not  at  the  ne- 
cessary distance  apart 

These  iustruments  singly,  then,  give  us  the  velocity  of  the  wave  and  its 
direction  in  azimuth  with  considerable  accuracy ;  but  their  full  value  would 
only  be  ensured  by  placing  three  such  seismometers  within  a  given  district 
(as  already  stated  for  the  former  instrument)  and  connecting  them  all  by 
galvanic  wires,  so  that  the  indications  of  the  three  shall  be  recorded  by  a 
single  clock  register.  We  then  have  the  time  of  arrival  of  the  shock  at  each 
seismometer  given  with  perfect  accuracy,  from  which  both  its  horizontal 
velocity  and  azimuth  may  be  computed;  and  the  relative  positions  and 
distances  apart  of  the  several  seismometers  being  known,  the  true  direction 
of  emergence  of  the  wave,  and  the  point  of  the  surface  vertically  over  the 
origin,  and  the  depth  of  the  focus  itself  may  be  computed.  The  two  following 
methods  of  computing  these  are  due  to  Professor  Haughton,  of  Trinity 
College,  Dublin,  who  communicated  them  to  the  Geological  Section  of  the 
British  Association  at  Dublin,  on  the  occasion  of  this  report  being  read,  and 
from  whom  I  have  received  them  for  publication  here. 

The  determination  of  the  "  coseismal  line" — a  term  first  used  by  me  at  the 
suggestion  of  Sir  John  Herschel,  to  signify,  the  crest  of  the  simultaneously 
emergent  earth-wave  upon  the  earth's  surface  at  any  moment  of  its  progress 
— is  the  same  thing  as  determining  the  direction  of  its  motion  on  the  surface, 
a  horizontal  tangent  to  the  coseismal  line  at  any  point  being  always  ortho- 
gonal to  the  dircQtion  of  motion. 

Givm  the  Times  of  cm  Earthquake  Shock  at  three  places^  to  determine  its 
iforizontal  velocity  and  Coseismal  Line, 


Let  A,  B,  C,  denote  three  stations  at  which  the  time  of  arrival  of  the  earth* 
quake  shock  is  determined  by  the  seismometers  or  other  meansi  and  let 
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o,  bf  e,  denote  the  distances  between  them ;  let  v  denote  the  unknown  hori- 
zontal velocity  ;  and  let  ^  denote  the  unknown  angle  made  by  the  coseismal 
lines  xAXyi/Bi/y  with  the  line  A  B  joining  the  first  two  stations ;  and t^ ^,  t^ 
be  the  times  of  the  observed  shock  at  A,  B,  C,  respectively. 
Letting  fall  the  perpendiculars  p  and  q,  we  find, 

p        c  sin  <& 

q     _,fl  sin  (B— O) 

Equating  these  two  values  of  v,  we  find 

c(t^—t^  sin*=a(^j— <i)  sin(B— *). 
Expanding,  and  solving  for  tan  $,  we  finally  obtain 


tan  $= 


(0 

(2) 


(3) 


<h-Q'^<^i-K)  COS  B 
Having  found  $  by  means  of  this  equation,  we  can  then  determine  v  from 
either  (1)  or  (2). 


Given  the  Horizontal  Veiodiy  of  an  Earthquake  at  any  two  points^  and  lis 
absolute  velocity ;  to  find  the  position  of  the  focus  from  which  it  has 
proceeded. 


Let  A  and  B  be  the  points  under  consideration,  and  for  simplicity  suppose 
them  to  lie  at  opposite  sides  of  the  unknown  focus  F,  and  in  the  same  vertical 
plane  passing  through  F.  [These  suppositions  are  only  made  to  simplify  the 
figure,  but  do  not  in  any  way  diminish  the  generality  of  the  result.] 

Let  AX  be  the  space  moved  through  on  the  surface  of  the  ground  at  A 
in  the  unit  of  time,  and  eoual  v  the  horizontal  velocity,  and  let  BY  be  the 
velocity  at  B  and  equal  vK  Letting  fall  the  perpendiculars  AP  and  BQ ; 
PX  and  QY  will  denote  the  spaces  described  by  the  earthquake  in  a  radial 
direction  (FX  or  FY) ;  they  are  therefore  equal  and  each  is  the  absolute 
velocity  of  the  earthquake =V.     Hence 

(1) 

(2) 


cos  AXF=Y 

V 

cos  BYF=y. 


Therefore  since  v,  v\  V  are  all  known  quantities,  the  angles  A  X  F  and 
B  Y  F  are  also  known,  and  therefore  the  lines  X  F  and  Y  F  may  be  drawn, 
and  their  intersection  F  will  give  the  required  position  of  the  focus. 
Corol.  1.  If  the  position  of  the  point  O,  at  the  surface,  from  which    the 

earthquake  appears  to  radiate,  be  known ;    one  velocity  will 

determine  the  depth  of  the  focus. 
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Cor<^  2.  Independently  of  any  diminution  in  the  absolute  velocity  of  the 
earth-wave,  the  apparent  horizontal  velocity  will  diminish  rapidly, 
approaching  indetinitely  the  limit  V.  This  is  evident  from  the 
geometrical  considerations  arising  from  the  fact  that  PX  is 
always  equal  to  QY. 

It  is  obvious,  then,  that  by  the  establishment  of  these  very  simple  and  in- 
expensive seismometers,  and  connecting  them  galvanically  (as  respects  their 
registration)  by  methods  now  become  both  familiar  and  simple,  we  may  get 
good  first  approximations  to  one  of  the  most  important  questions  of  the 
physics  of  our  globe — a  knowledge  of  the  depth  from  which  earthquake 
impulses  arrive. 

Simple  and  inexpensive,  however,  as  the  apparatus  recommended  is,  its 
establishment  in  the  only  way  in  which  it  can  be  of  much  real  use,  namely 
by  connected  distant  stations,  involves  the  choice  of  seismic  areas  fitted  for 
the  purpose,  and  the  support  and  aid  of  governments,  if  not  for  outfit,  at 
least  for  appointment  of  observers,  and  police  protection  of  stations  and  wires. 
It  is  to  be  hoped  that  even  these  may  not  be  withheld  as  the  advancing  know* 
ledge  of  the  importance  to  physical  geology  of  seismic  research  becomes  better 
understood  and  diffused.  Meanwhile  a  still  simpler  form  of  rough  seismo- 
meter, suited  to  the  resources  of  distant  and  isolated  observers,  may  be  with 
advantage,  perhaps,  pointed  out, — and  also  an  indirect  method,  by  which  the 
depth  of  earthquake  origin  may  be  approximated,  without  the  use  of  seismo- 
meters of  any  sort  The  form  of  seismometer  about  to  be  described  is  most 
applicable  to  seismic  districts  where  the  angle  of  wave-emergence  is  not 
steep,  t.  e.  where  the  shocks  are  usually  nearly  horizontal. 

If  any  homogeneous,  parallelepiped,  or  rectangular  prism,  standing  on 
end,  upon  a  level  surface,  be  upset  by  its  own  inertia,  the  supporting  sur- 
face being  suddenly  moved  beneath  it,  in  the  direction  of  its  own  plane  (as 
by  the  horizontal  component  of  an  earthquake  shock),  it  may  be  shown 
that  the  velocity  of  the  surface  must  be 


v.=|,V?TFx(l^) 


where  a  is  the  altitude  of  the  solid,  b  its  diameter  of  base,  and  6  the  angle 
formed  by  the  side  and  a  line  drawn  throbgh  the  centre  of  gravity  to  the 
extremity  of  the  base,  and  V«=^A. 

This  velocity  is  independent  of  the  density  or  nutterial  of  the  solids 
because  the  oversetting  force,  being  its  own  inertia,  is  always  proportionate 
to  the  density.  With  a  given  velocity  Y,  therefore,  it  is  possible  to  as- 
sign the  dimensions  a  and  b  such,  that  it  shall  be  ^t^  overset;  and  with 
this  velocity  another  solid,  having  6  greater,  shall  remain  unmoved, — as- 
suming always  that  friction  upon  the  supporting  surface  gives  sufficient 
adhesion  to  cause  the  solid  to  upset,  and  not  to  slide  (partly  or  wholly) 
without  upsetting. 

If  in  place  of  a  square  prism  like  a  wall,  the  solid  be  a  right  cylinder,  such 
as  a  pillar,  the  diameter  of  whose  base,  as  before,  is  b ;  then 

Y,^15i^«  Xi/  Vil+P(l  -cos  0) ; 

and  from  this  very  simple  expression  for  the  horizontal  velocity,  for  which  I 
am  indebted  to  my  friend  Professor  Haughton,  it  is  easy  to  construct  a  seis- 
mometer of  the  greatest  simplicity,  that  (in  the  absence  of  better  means) 
shall  give,  within  a  narrow  limit,  the  actual  velocity  of  shock. 

1858.  « 
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Let  there  be  constructed  two  similar  sets  of  right  cylinders,  say  each  set, 
six  to  twelve  in  number,  all  of  equal  height  (a)  and  of  the  same  sort  of 
material,  but  varying  in  diameter  in  each  set,  with  a  uniform  decrement 
from  the  greatest  to  the  least. 

Convenient  dimensions  for  earthquake  observations  of  mean  intensity,  will 
be  such,  that  the  cylinder  of  largest  diameter  shall  have  its  altitude  equal  to 

three  diameters,  or  6=^,  and  that  the  cylinder  of  least  diameter  shall  have 
3 

its  diameter  one-third  of  that  of  the  greatest  one,  or  ^=^    Any  number  of 

cylinders  of  intermediate  diameters  may  be  interpolated  between ;  and  the 
greater  the  number,  the  more  accurate  the  instrument  becomes.  A  series  of 
six  to  ten  in  each  set  will,  however,  be  sufficient  for  any  purpose.  For 
observation  of  shocks  of  extreme  violence,  larger  diameters,  in  proportion  to 
altitude,  should  be  chosen  for  all  the  cylinders. 

The  material  of  the  cylinders  is  not  important,  cast  iron,  stone,  pottery,  or 
other  substances  at  hand,  whose  arrises  will  not  crumble  away  by  being 
overthrown,  may  be  used ;  but  no  material  will  be  found  more  convenient 
than  some  hard  heavy  wood,  of  uniform  substance,  straight  grain,  and  equa- 
ble specific  gravity,  from  which  the  cylinders  can  be  formed  in  the  lathe, 
and  their  bases  brought  perfectly  square  to  the  axis  with  facility. 

Upon  any  horizontal  and  solid  floor  let  two  planks  be  placed,  as  in  fig.  6, 
with  their  directions  in  length  respectively  lying  N.  and  S.  and  £.  and  W., 

Kg.  6. 


-xa 


each  plank  to  be  about  3  inches  in  thickness,  and  in  width  equal  to  the  dia- 
meter of  the  largpst  cylinder,  and  its  length  such  that  the  set  of  cylinders, 
when  placed  upright  and  equidistant  thereon,  shall  have  a  space  greater  than 
the  altitude  between  each.  Thus,  if  the  cylinder  of  largest  diameter  have 
b=0-5  of  a  foot,  the  length  of  plank  will,  for  a  set  of  six,  as  in  the  figure, 
be  about  12  feet.  These  base-planks  being^a^c?,  level,  and  solid,  the  floor  is 
to  be  levelled  up  to  their  upper  surfaces  with  dry  sand,  and  the  two  sets  of 
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cylinders  adjusted  to  their  places,  one  set  running  in  an  east  and  west,  and  the 
other  in  a  north  and  south  direction,  so  that  in  whatever  direction  the  hori- 
zontal component  of  shock  may  move,  the  overthrown  cylinders,  of  one  or  the 
other  set^  shall  fall  transversely  to  the  lengths  of  either  of  the  plank  bases,  and, 
lodging  on  the  sand-bed,  remain  exactly  in  the  position  as  to  azimuth  in  which 
^ey  were  overthroion.  If  now  a  shock  of  any  horizontal  velocity  capable  of 
overthrowing  some  of  the  cylinders,  but  not  all  of  them,  arrive,  it  will  throw 
down  at  once  all  the  narrower  ones,  and  up  to  a  certain  diameter  of  base. 
For  example,  suppose  a  N.  and  S.  shock,  of  such  velocity  as  to  overthrow 
W  6,  W  5,  and  VV  4,  leaving  W  3,  W  2,  and  W  1  standing ;  then  V  will 
have  been  greater  than  the  velocity  due  to  the  overthrow  of  W  4,  and  less 
than  that  due  to  the  overthrow  of  W  3,  and,  within  those  limits,  may  be 
found  from  the  preceding  equation.  The  cylinders  here  overthrown,  W  6, 
W  5,  and  W  4,  will  be  found  with  their  axes  lying  N.  and  S.,  at  rest  upon 
the  sand-bed.  The  cylinders  N  6,  N  5,  and  >f  4,  will  be  also  overthrown  % 
but  in  this  case  they  will  fall  in  the  line  of  their  own  plank  bases,  and  may 
roll  and  so  give  no  indication  as  to  direction  of  shock  in  azimuth.  Hence  the 
necessity  for  two  sets  of  cylinders ;  one  set,  however,  will  be  sufficient,  if 
space  enough  be  provided  between  the  cylinders,  and  if  each  be  placed 
upon  a  cylindrical  and  separate  basis  of  a  diameter  equal  to  its  own,  and  in 
height  equal  to  the  depth  of  the  sand-bed. 

This  form  of  instrument,  then,  is  capable  of  giving  approximate  deter* 
minations  of — 

1st.  The  velocity  of  the  horizontal  component  of  shock,  neglecting  the 
vertical  component,  which  may  be  done  where  the  angle  of  emergence  is  not 
great. 

2nd.  The  azimuthal  direction  of  the  horizontal  element  of  shock. 

Srd.  Its  absolute  direction  of  primary  movement,  viz.  the  direction  of 
translation  of  the  wave,  which  always  coincides  with  the  direction  of  mole- 
cular movement  of  the  elastic  wave  itself,  in  the  first  half  of  its  complete 
phase:  e.^.,  if  the  wave  show  a  N.  S.  azimuth,  by  the  line  of  direction  of  axes 
of  the  overthrown  cylinders,  and  these  be  thrown  to  the  northward,  then  the 
wave  has  traversed  from  S.  to  N. 

4th.  The  exact  time  of  the  transit  of  shock  may  be  also  indicated  if  the 
narrowest  cylinders,  N  6  and  W  6  be  connected  with  a  clock,  so  as  to  stop 
it  at  the  moment  of  overthrow  by  the  very  simple  means  which  I  have 
pointed  out  in  the  'Admiralty  Manual*  (art.  "  Earthquake,"  sec.  vii.,  p.  208, 
2nd  edit.),  inasmuch  as,  by  hypothesis,  the  narrowest  cylinders  will  be  always 
overthrown. 

A  single  cylinder  or  prism,  however  entirely  distinct  from  either  seismo- 
metrical  set,  and  of  even  less  stability  as  respects  shock,  may  be  with 
advantage  adopted  as  the  means  for  stopping  the  clock  by  the  above  method, 
which  is  capable  of  giving  the  time  to  within  0*1  of  a  second. 

It  is  obvious  that  the  application  of  the  principles  involved  in  this  form 
of  seismometer  to  observations  made  upon  the  recent  overthrow  of  walls, 
columns,  or  other  such  objects  to  be  found  in  regions  which  may  have  been 
visited  by  earthquakes,  is  capable  of  giving  also  approximate  measures  of 
velocity  and  direction  of  shock.  This  class  of  seismic  observation  will,  I 
hope,  be  found  more  fully  developed  elsewhere. 

In  conclusion,  one  other  method  of  indirect  seismometry  remains  to  be 
explained,  which  does  not  require  the  aid  of  any  seismometric  instrument. 
The  facts  upon  which  this  method  depends  have  been  alluded  to  in  the  Re- 
port on  Earthquakes  of  1850,  p.  35.  It  has  been  long  observed  that,  in 
(sxkntioe  surfaces  of  country  Uiat  have  been  exposed  to  the  effects  of  shock. 
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cerisAn  zones  or  areas  uf  surface,  more  or  less  irregular,  present  themselves, 
.'within  which  the  destructive  eifects  upon  buildings  and  other  objects  capable 
of  overthrow  are  manifested  much  more  intensely,  than  upon  similar  objects 
situated  upon  other  portions  of  the  superficies  of  the  country.  These  zones 
of  maximum  disturbance  (as  yet  ill  observed)  have  been  remarked  to  run  in 
curvilinear  directions  of  surface,  to  approach  more  or  less,  according  to  the 
means  of  (t.  e,  the  objects  afforded  for)  observation,  to  closed  curves,  and  to 
be  wholly  distinct  from  those  variations  of  destructive  agency,  irregularly 
par9emi  over  large  shaken  areas,  which  depend  upon  differences  of  geologic 
surface-formation,  configuration  of  country,  &c.,  construction  of  buildings, 
and  many  other  conditions,  which  modify  the  direction  and  effects  of  the 
shock  at  points  often  very  little  removed  from  each  other,  and  the  analysis 
of  which,  and  extrication  of  the  true  primary  movement  from  the  entangle- 
ment of  such  minor  phenomena,  constitute  the  greatest  difiiculty  of  earth- 
quake observation.  The  physical  conditions  which  give  rise  to  such  zones 
of  maximum  disturbance  are  easily  explained. 


Referring  to  fig.  7>  let  A'  A  be  the  horizou  (which  we  may  assume  a 
right  liqe)  cut  by  a  Tertical  plane  passing  through  a  great  circle  of  the  earth, 
and  through  A,  the  centre  of  impulse  of  the  earthquake.  The  blow  from 
this  origin  is  propagated  outwards  in  all  directions,  through  the  elastic  mass 
of  the  earth  (here  assumed  homogeneous),  in  spherical  concentric  shells, 
which  the  circles  1,  2,  3,  4,  &c.  denote,  at  similar  phases  of  the  wave.  The 
elastic  wave  starts  from  the  impulse  with  one  normal  and  two  transversal 
vibrations.  Its  vis  viva  must  remain  constant,  and  (in  the  same  medium  its 
dimensions  being  very  great)  the  velocity  of  translation  also.  The  mass  in 
wave-movement,  at  any  moment  of  its  transit,  is  therefore  the  same,  and  the 
thickness  of  each  successive  spherical  shell  decreases  from  the  centre  of  im- 
pulse as  the  square  of  its  mean  distance.  This  is  the  measure  of  the  normal 
excursion  of  any  particle,  from  any  given  phase  of  the  wave,  in  its  passage  out- 
wards, to  the  recurrence  of  the  same  phase,  and  is  also  the  measure  of  the  nor- 
mal intensity  of  the  shock,  or  that  in  directions  AB,  AC,  AZ,  &c.  Neglect- 
ing for  the  present  the  effects  of  the  transversal  wave,  the  normal  intensity  or 
direct  overthrowing  power  of  an  earthquake  shock  varies  inversely  as  the 
square  of  th^  distance  from  origin.    But  the  turfo/oe  capability  of  the  shock 
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to  overthrow  buildings,  &c.  depends  not  only  upon  its  intensity,  but  Upon 
the  direction  of  its  movement  with  respect  to  the  horizon*  A  shock  per- 
fectly vertical  has  no  tendency  to  overturn  the  walls  of  a  house,  though  it 
may  bring  down  the  roof  or  floors.  Now  it  is  obvious  from  the  figure, 
that  as  the  wave  passes  outwards  from  the  origin.  A,  it  reaches  the  earth's 
surface  vertically  at  B,  the  point  in  the  prime  vertical,  pA,  directly  over 
the  same;  and  that  as  it  travels  outwards,  it  emerges  at  the  surface  with 
angles  more  and  more  nearly  horizontal ;  the  angle  of  emergence  being  the 
same  at  all  points  of  any  coseismal  line,  all  such  lines  being,  on  the  as- 
sumption  of  homogeneity,  concentric  circles  round  B  (like  those  upon  a 
pond  into  which  a  stone  has  been  thrown). 

So  far  as  the  direction  of  wave-motion  is  concerned,  therefore,  its  power  to 
overturn  buildings  is  greater  the  further  it  has  travelled,  or  the  greater  the 
radius  of  the  coseismal  circle  from  B  ;  but  its  energy  has  been  shown  to  be 
inversely  as  the  square  of  the  distance  (not  upon  the  earth's  surface,  but  in 
the  normal).  Hence  it  follows  that  there  must  be  some  given  distance  upon 
the  surface  around  B  at  which  the  combined  effect,  of  most  advantageous 
direction  and  lessened  energy,  ft^hall  produce  the  most  destructive  effects 
upon  buildings,  &c.,  or  a  point,  C,  intermediate  to  B  and  Z,  or  U  supposed  at 
any  indefinite  distance,  at  which  the  shock  will  be,  in  this  respect,  a  maximum. 
The  radius  BC  will  then  describe  a  coseismal  circle  upon  the  earth's  sur- 
face, which  will  be  a  zone  of  maximum  disturbance. 

Conversely,  if  we  can  trace  by  observation  of  the  shaken  country  such  a 
zone,  or  ascertain  three  points  in  its  circle,  we  can  find  the  centre  of  the 
circle  or  the  point  B,  which  is  plumb  over  the  centre  of  impulse  beneath ; 
andif  we  have  ascertained  the  angle  of  emergence  that  produces  the  maximum 
effect  (and  which  is  a  constant),  we  can  then  calculate  the  depth  of  the  centre 
of  impulse,  A,  beneath  the  earth's  surface. 


Ueferring  to  fig.  8,  let  A  be,  as  before,  the  centre  of  impulse ;  B  the 
point  upon  the  earth's  surface  (supposed  a  plane),  in  the  prime  vertical  /^A, 
directly  above  it.  It  is  required  to  find  a  point,  C,  at  which  the  horizontal 
overthrowing  effects  of  an  impulse  in  the  direction  AC,  whose  intensity 
varies  inversely  as  the  square  of  the  distance,  shall  be  a  maximum. 

Produce  AC  to  rf,  and  complete  the  parallelogram  of  forces,/  d  being 
parallel  to  the  horizon. 
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Let  BA=a,  the  depth  of  origin  ; 

BC=r,  the  radius  where  the  horizontal  force  is  a  maximum 
AC = the  normal  due  to  this  radius. 

The  angle  Cdc=BAC=a. 

Then  the  force  at  C  in  the  direction  AC  is  -.  ,    , ;  and  that  in  the  direc- 
tion  of  the  horizon  b  sin  6  x  -s — ^;  and  as 


sin  6=- 


we  have  \^a^+r^ :  r  : :  1 


I  r  r 


■^  a  maximum. 


and  a'+r'     \^a'+r'    (a'+r")^ 

DiflTerentiating,        (a'-f  r*)*  x  dr^iia'-^t^)^  x  2r*=0. 

^_  a    _av^ 
V2       2 

The  angle  CAC  is  therefore  very  nearly  70°  81'  43",  which  is  the  angle 
of  the  cone  whose  base  in  the  horizontal  plane  limits  the  zone  of  maximum 
disturbance;  and  as  the  angles  at  B  are  right,  the  angle  of  emergence 
BCA=54'»  ^i'  9",  and  the  sides  of  the  triangle,  BC  :  BA  :  AC,  are  to  each 
other  in  the  ratios  of 

1  :  \/2  :  ^^3. 
Hence  we  arrive  at  the  very  simple  practical  rule. 

Having  found  the  coseismal  zone  of  maximum  disturbance  by  observation, 
or  three  points  in  it,  and  the  centre  of  the  circle  passing  through  them,  the 
depth  below  the  surface,  of  the  origin  or  centre  of  impulse,  will  be  the  dia- 
gonal of  the  square  whose  side  is  equal  to  the  radius  of  the  given  circle. 

Within  certain  approximate  limits,  then,  the  application  of  this  rule  is 
capable  of  giving  some  information  upon  that  great  object  of  research,  to 
which,  above  all  others,  seismological  investigation  points,  namely,  the  depth 
beneath  our  surface  from  which  such  impulses  reach  us,  and,  by  consequence, 
that  at  which  active  volcanic  forces  are  in  operation  within  our  planet. 

This  method  can  scarcely  be  applied  in  very  mountainous  regions,  unless 
both  mountain- formations  and  seismic  energy  be  developed  upon  a  grand 
scale,  as  in  Mexico  and  South  America  ;  and  in  every  case  the  observer  will 
find  himself  encumbered  and  perplexed  by  the  interference  of  many  minor 
circumstances  of  disturbance  to  mask  and  render  difficult  his  observations. 
These,  however,  should  not  prevent  our  bearing  the  method  in  mind  when- 
ever favourable  conditions  present  themselves  for  its  use. 

In  the  present  state  of  the  theory  of  wave-movements  in  elastic  solids,  it 
cannot  be  said  to  be  experimentally  certain,  that  the  energy  of  the  wave,  in 
the  normal,  does  diminish  with  the  square  of  the  distance.  Another  view  of 
the  primary  conditions  of  its  motion  would  make  it  diminish  directly  as  the 
distance,  in  which  case  it  may  be  proved  that  the  angle  CAC  of  the 
coseismal  cone  of  maximum  disturbance  will  be  90^  and  constant,  and  hence 
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tbat  the  depth  of  the  origiD  (upon  that  hypothesis)  will  be  always  equal  to 
the  radius  of  the  circle  of  maximum  disturbance.  It  would  be  out  of  place 
here  to  enter  further  into  the  physical  discussion  of  this  question,  except  by 
referring  to  Herschel  (art,  **  Light,"  *  Encyc.  Metrop.'  vol.  iv.  paragr.  18. 
p.  578)  and  to  the  various  papers  of  Cauchy,  Wertheim,  Stokes,  Airy, 
Haughton,  and  Maxwell  on  the  subject. 

I  have  stated  that  in  the  preceding  investigation  the  effects  of  the  transver- 
sal wave  are  neglected.  In  the  observation  of  actual  earthquake  phenomena, 
this  may  probably  be  safely  done  as  respects  all  points  that  are  at  consider- 
able distances  from  the  centre  of  disturbance.  The  normal  and  transversal 
waves,  starting  at  the  same  instant,  appear  to  travel  with  unequal  velocities. 
They  part  company ;  and  their  distance  becomes  greater^  and  the  interval 
larger  between  their  arrivals,  the  further  they  have  both  travelled.  Were 
we  enabled,  therefore,  to  ascertain  the  precise  velocity  of  the  normal  wave, 
and  the  exact  interval  of  time  between  the  arrival  at  a  distant  point  of  the 
normal  and  transversal  waves,  we  could  still  by  another  method  arrive  at  the 
distance  from  which  they  had  come,  and  therefore  at  the  depth  of  the  origin 
of  impulse,  if  the  angle  of  emergence  at  one  point  were  known.  According 
to  Cauchy,  the  velocity  of  transit  of  the  normal  is  to  that  of  the  transversal 
wave  as  ^3:1  in  media  of  unlimited  mass;  and  Wertheim's  modified  for- 
mulae for  elastic  bodies  fix  it  as  2  :  1.  My  own  experimental  observations 
with  the  seismoscope  have  proved  to  me  that  the  separation  of  the  two  waves 
can  be  noticed,  and  the  interval  of  time  measured  upon  even  very  moderate 
ranges  of  wave-transit,  not  exceeding  a  few  miles ;  and  the  observations  of 
earthquake  shocks  indicate  that  one  cause  of  the  tremors  that  usually  succeed 
the  main  blow,  is  the  later  arrival  of  the  normal  wave,  whose  amplitude  at 
considerable  distances  from  the  origin  is  always  small. 

However  this  may  be,  it  is  certain  that  in  all  earthquakes  the  real  mis- 
chief and  overthrow,  at  places  pretty  far  removed  from  above  the  centre  of 
impulse,  are  done  by  the  blow  from  the  normal  wave,  which  appears  to 
come  first ;  hence  the  main  observable  efiects  are  those  of  the  normal,  and 
we  axe  justified  and  enabled,  in  such  localities^  to  neglect  the  transversal. 
Bat  within  a  considerable  circle  of  area,  whose  boundary  is  evanescent,  and 
whose  centre  lies  at  the  point  B  (figs.  7,  8),  right  above  the  origin,  the 
actual  effects  of  the  transversal  wave  are  very  formidable,  and  can  never  be 
neglected. 

The  ground  beneath  an  object  so  situated,  such  as  a  house  or  pillar  (as 
the  distance  from  the  origin  to  the  surface  is  the  minimum  range  of  emer- 
gence,  or  shortest  possible,  and  therefore  its  energy  the  greatest),  is  almost 
at  the  same  instant  thrown  nearly  vertically  upwards  by  the  normal  wave, 
and  at  the  same  moment  rapidly  forced  forwards  and  backwards  horizontally 
in  two  directions  orthogonal  to  each  other ;  and  this  combined  movement, 
which  is  that  called  *'  vorticoso**  by  the  Italians  and  Spanish  Mexicans,  is 
one  that  nothing,  however  solid  and  substantial  in  masonry,  &c.,  can  long 
withstand. 

Hence  it  follows  that,  within  the  zone  of  maximum  disturbance  which  we 
have  treated  of,  and  occupying  its  central  region,  we  shall  always  find  an 
area,  more  or  less  circular,  also  of  great  overthrow  and  destruction,  though 
presenting  entirely  different  characteristics  as  to  the  manner  of  overthrow  of 
the  buildings,  &c.  This  middle  region  may  therefore  be  sought  for  as  a 
further  directrix  to  the  point  B  over  the  centre  of  impulse.  It  may  be 
necessary  to  remark  that  this  combined  movement,  due  to  the  two  transver- 
sal waves,  and  limited  to  a  region  closely  above  the  prime  vertical  passing 
through  the  centre  of  impulse,  must  not  be  confounded  by  any  misconcep- 
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tion  of  the  phrafte  '^  vorticoso,"  with  that  false  notion  of  vorticose  shock, 
such  as  was  presumed  to  have  twisted  the  Calabrian  obelisks,  &c.,  the  real 
nature  of  whose  displacement  I  indicated  in  1846.  (Trans.  Roy.  I.  Acad, 
vol.  xxi.  part  1.    See  aUo  1st  Report  Trans.  Brit.  Assoc.  1850,  pp.  33,  34.) 

In  conclusion,  I  would  repeat  my  conviction  that  a  further  expenditure 
of  labour  in  earthquake  catalogues  of  the  character  hitherto  compiled,  and 
alone  possible  from  the  data  to  have  been  compiled,  is  now  a  waste  of  scien- 
tific time  and  labour.  The  main  work  presented  for  seismologists  in  the 
immediate  future,  must  consist  in  good  observations,  with  seismometers  ad- 
vantageously placed  at  sufficiently  distant  stations,  and  galvanically  connected 
as  to  time ;  and  in  the  careful  observation  of  the  traces  left  by  great  shocks 
(when  of  recent  occurrence)  upon  buildings  and  other  objects  artificial  and 
natural,  with  a  view  to  determining  the  nature  of  the  forces  that  have  affected 
them,  aided  by  the  resources  of  the  physicist  and  mathematician. 

Amonsst  the  unknown  regions  of  our  world,  as  respects  the  recurrence  of 
earthquakes  and  their  phenomena,  the  most  prominent  are  Central  Africa, 
Abyssinia,  Madagascar,  Northern  Asia,  and  the  north-west  of  North  Ame-^ 
rica.  For  observations  of  the  last,  the  new  settlements  about  being  formed 
at  Vancouver's  Island  will,  no  doubt,  ofier  great  facilities,  as  well  as  future 
access  to  the  great  Aleutian  chain  of  volcanoes  and  their  seismic  zone. 

I  reserve  for  the  Appendix  a  few  observations,  upon  great  sea  waves  and 
certain  ill-understood  phenomena^  which  could  not  systematically  find  place 
in  this  Report 


APPENDIX. 

No.  I. 

(P.  48.)  The  following  table  of  some  of  the  men  and  events  upon  which  the 
progress  of  human  knowledge  and  discovery  and  the  diJQ^on  of  mankind  have 
depended,  may  serve  to  illustrate  the  relations  that  these  bear  to  the  expand- 
ing character  of  the  catalogue : — 

Date. 

A.C. 

Tarda  for  spreading  ships' sails  inyented 1200 

Silver  money. — ^Anchors. — First  sea  fight 700 

Amber  and  tin  carried  by  Phoenicians  from  the  Saltdc  and  England  to  the  Levant. .  600 
The  sounding-line  used  at  sea. — Mi^  in   use. — Multiplication  table. — Moon^s 

eclipses  calculated. — Pythacoras   500 

Trireme  galleys  in  use. — The  Duming-lens  known 400 

War  ohiuiots  in   Qnal. — Arrack  Inrought  firom  India  into  Europe. — Electricity 

notioed.— Hemp,  oordMe  (?),  and  sails  (?).— Aristotle  300 

Clepfff dra.-^Ballist». — Silver  coin  at  Some. — The  olive. — Chinese  waU. — Hannibal  200 
LucuUus  introduces  cleansing  soap  from  Ghaul— sal-ammoniac  from  Egypt. — Solar 

year  fixed ^. 100 

Christ  born. — Seneca. — Strabo.  a.». 

First  see  voyage  to  India,  probably  3 

Stained-glass  windows — ^the  Tine-^Saw-miUs—Monachism— all  in  Qenmany 300 

The  Western  Empire.— Public  lights  at  Antioch.— Church  bella  400 

The  dark  ages  commence. 

Franks  Christianized. — Silk-worms  in  Europe 500 

"Eiope, — Quill  pens. — ^Latin  disused. — ^Mahomet  1 600 

Charlemagne  names  the  days  and  months    SOO 
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Oxford  and  Cambridge  ITniTersitiee.— -Fiwt  book.--AlfVed  the  Great 900 

Arabic  notation  iu  Europe. — ^Wheel  clocks  in  use. — The  first  crusade 1100 

The  three  last  crusades.— The  su^  cane  in  Sicily. — Coal  as  fuel. — The  corporation 

of  London. — ^The  Popish  inquisition. — Saladin 1200 

"Bngliwh  parliaments.— English  in  our  law  courts. — Gunpowder. — Cannon.—  Mari- 
ners' compass. — Printing. — Engraving. — Oil  painting. — Coaches. — Roger  Bacon. 
— Wiclif.— Tamerhine    1400 

America. — Columbus^s  four  rojages,  from  1492-100-4.— Cajw  of  GKkkI  Hope. — 
Indian  Sea.— Vasco  di  Gama,  1499.— John  and  Sebastian  Cabot,  1497.— Public 
road  and  bridges  through  Western  and  Southern  Europe. — Lutlicr. — The  Ee- 
formation 1500 

Logarithms. — ^Watches. — Barometer. — Toloeoope. — Meroator. — Italian  book-keep- 
ing. —  Jupiter's  satellites  disooverod.  —  Copernicus.  —  Galileo.  —  Magelliaen's 
Yoynfle,  1520.— Drake's  voyage,  i:>80    1600 

Boyai  Society.  —  Newton. — Sextcmt  —  Chronometers. — Greenwich  Obsorvatorj-. — 
Tea  into  Europe. —  Clive. — Penn.—  South  Sea  Company.  —  Cod  and  herring 
fisheries. — Semaphore. — ^New  style  calendar 

Anson's  voyage  (1*44) 

Cook's  last  voyage  (1779)  i      i7nA 

LaPerousorr7V. ^     ^^^ 

Vancouver  (1795)   

Watt's  steam  engme  (1796) 

Napoleon. — ^Nelson. — Embassies  to  China  and  Japan. — Vaccination. — Gas  lights.  \ 

— Life-boats.  —  Public  docks.  —  Public  coaches  and  diligences. — Newspapers      1800 
abundant ^      to 

Steam  navigation. — ^First  steam-ship  'Savana'  crosses  the  Atlantic,  1819. — Bail-  |  present 
way  svstem,  1820. — Electric  tJ^graph,  1830. — Law  of  tides — of  storms. —      date. 
Qoldm  California — in  Australia > 

No.  n. 

(P.  57.)  From  the  interest  that  belongs  to  observations  of  earthqttakes  in 
the  Sonthem  Hemisphere,  hitherto  so  seldom  recorded,  I  append  the  following 
extracts  ttom  the  letter  of  an  intelligent  Mend,  referring  to  the  New 
Zealand  shock  of  1854-55,  written  very  soon  after  the  event.  The  writer  is 
a  dvil  engineer, 

TJie  New  Zealand  EartTiqudke, 

"Wellington,  23rd  January,  1855. 
"  Whilst  sitting  reading  and  talking  at  8.50  p.m.,  I  felt  the  house  (which  had  bocn  shaking 
with  the  occasional  N.E.  gusts  so  usual  at  Wellington)  give  a  very  oxtraordiuary  shake, 
which  seemed  to  continue,  and  was  acoompanied  by  a  fearfiU  noise.  I  at  once  jumped  up, 
rushed,  as  well  as  the  violent  motion  would  permit  me.  into  the  front  garden,  the  motion 
increasing  in  violence,  accompanied  by  a  roarmg  as  if  a  Urge  number  of  cannon  were  being 
fired  near  toother,  and  by  a  great  dust  caused  by  the  falling  chimneys.  The  modon  at  first 
was  a  sharp  jerk  back  and  forwards  in  a  N.E.  and  S.W.  direction,  increasing  in  extent  and 
rapidity,  until  I  got  into  the  garden — say  25  seconds ;  it  was  then  succeeded  by  a  shorter 
■nd  qmcker  motion  at  ri^t  angles,  for  neariy  the  same  time,  still  increasing,  bnt  appearing 
to  be  perfoctljjT  in  the  plime  of  the  horixon.  This  was  followed  by  a  continuation  of  both, 
a  sort  of  vorticose  motion,  exactly  hke  the  motion  fell  iu  an  ill-adjusted  railway  carriage 
on  a  badly-hud  railway  at  a  very  high  speed,  where  one  is  swayed  rapidly  from  side  to  ia.Se, 
This  was  accompanied  by  a  sensible  elevatory  impidse ;  it  gradually  subsided ;  and  the 
above,  conatittiting  the  first  and  greatest  shock,  lasted  altogether,  I  should  sar,  1'  2(V'or  1^' 
ai  Wellington,  The  earth  continued  to  vibrate  all  night  like  the  panting  of  a  tired  horse, 
with  occasional  shocks  of  some  violence,  decreasing  in  frequency  and  vic^ence  towards 
morning,  and  nearly  all  in  the  N.E.  S.W.  direction,  some  of  them  a  single  ierk  back  and 
forwards  like  that  of  one  railway  CMTiage  toucliing  anotlier,  but  generally  Uiev  were 
fk^lowvd  by  a  vibralion  gradually  decreasing.  These  lasted,  with  increasing  intertafe,  until 
I  left  Wemngton  on  the  i  1th  ApriL  For  the  first  week  aAer  the  first  riioek,  the  vibration 
never  wholly  ceaaed.  All  the  brick  buildings  in  Wellington  were  overthrown,  or  so  injured, 
as  to  necessitate  their  removal ;  the  Hutt  Bridge  was  thrown  down ;  the  hill -sides  oppodte 
Wellington  were  very  much  shaken,  as  evidenced  by  the  many  bare  patches  with  whi(^ 
tk»y  ipsre  cbeqiured  fully  to  tiie  extent  of  one-third  of  their  surface,  whence  trees  had  boeih 
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shaken  off:  this  range,  partioularly  its  lower  portion,  appeared  to  haye  been  the  moat 
shaken.  It  is  called  the  Simatuka  Ban^e,  and  divides  Port  Nicholson  and  the  basin  of 
the  Hutt  from  the  Warumrapa  Valley,  where  the  earthquake  was  felt  with  greater  violence 
than  at  Wellington,  the  ground  having  opened  in  many  places  8  or  9  feet,  and  sunk  in  one 
place  for  300  yards  square  to  a  depth  of  8  or  9  feet.  The  cracks  are  very  frequent,  and 
at  first  were  of  considerable  depth  (deemed  un&thomable,  because  people  could  not  see 
their  depUi),  perhaps  15  or  20  feet  in  depth,  and  extending  for  many  hundred  yards. 
Flouf  hed  ground  and  mud,  dry  river-  or  pond-beds  were  thrown  up  into  all  sorts  of  un- 
dulations Hke  a  short  cross  sea,  the  ridges  in  some  cases  2  feet  in  height,  the  prevailing 
direction  of  cracks  and  ridges  being  generally  at  right  angles  to  the  apparent  line  of  force, 
"NJE.  S.W.  The  strata  about  Wellington  and  the  Kimatuka  are  a  sort  of  shale  and  clay- 
slate,  idl  broken  into  pieces  not  bigger  than  road-metal,  with  yellow  day  joints ;  and  m 
places  where  the  overlying  clay  has  been  cut  through  by  roads,  one  can  see  the  cracks 
caused  by  former  earthquakes  mled  up  by  a  different-coloured  material.  I  should  mention 
the  great  sea-wave  whion  came  in  immediately  after  the  first  shock,  about  5  feet  higher  than 
the  highest  tide  inside  the  harbour,  and  12  feet  higher  outside ;  the  tide  (t.  e,  water-surface) 
continued  ebbing  and  flowing  every  20  minutes  during  the  ni^ht,  and  was  most  irregular 
for  a  week,  ebbing  further  than  ever  known  before.  After  that  time  it  became  more  regular ; 
and  now  the  ebb  and  flow  is  the  same  as  before  the  earthquake;  but  since  that,  it  does  not 
come  at  high-water  within  3  or  4  feet  of  its  former  height,  proving  that  the  whole  south- 
em  part  of  the  northern  island  has  been  raised,  the  elevated  portion  commencing  at 
Wangamer,  on  the  west  coast,  and  going  round  to  Castle  Point  on  the  east,  where  it 
termmatee.  The  vertical  elevation  is  greatest  at  the  Bimatuka  Range,  outside  Port  Nichol- 
son, and  becomes  nil  at  the  above-mentioned  points.  The  shock  was  felt  at  Nelson 
almost  as  badly  as  at  Wellington,  slightly  at  Canterbury  and  Ahurii.  It  was  most  vioLmt 
on  the  sides  of  hills  at  those  places,  and  least  so  in  the  centre  of  the  alluvial  plains. 

"  1^  great  shock  continued  at  any  one  point  longer,  the  further  it  had  diverged  frt^m  its 
apparent  centre  of  action  opposite  Wellington,  and  became  less  violent,  the  motion  being 
BU>wer  and  not  to  such  an  extent  This  I  think  plainly  proves  (if  any  thing  were  wanting  to 
prove)  Mr.  Mallet's  wave  theory :  any  person  of  the  sGghtest  perception  experiencing  the 
shock  and  comparing  the  statements  of  persons  who  had  felt  it  in  different  places  could 
come  to  no  other  conclusion.  I  do  not  think  the  thermometer  or  barometer  was  affected ; 
I  had  no  opportunity  of  observing  myself;  but  so  I  heard ;  nor  was  the  compass  acted  on 
more  <^an  was  due  to  the  motion. 

"  The  captain  of  the  vessel  I  went  in  to  Ahurii  was  outside  Port  Nicholson,  lying-to  in  a 
gale,  and  thought  his  vessel  had  struck,  and  was  dragging  over  a  reef  of  rocks ;  the  next 
morning  he  passed  hundreds  of  dead  fish  all  of  one  sort,  a  species  of  ling,  whose  habit  it  is 
to  lie  on  the  oottom.  The  shook  was  also  felt  by  the  *  Josephine  Willis,'  150  miles  off  the 
coast.  I  only  regret,  time  and  want  of  means  prevented  my  making  more  accurate  obser- 
vationB,  and  even  giving  you  those  I  did  make  m  greater  d^baiL  W.  C.  B." 

[The  direction  of  primary  shook  mentioned  by  the  writer  is  in  the  line  of  the  mountain- 
chain,  reaching  from  the  interior  down  to  Wemngton,  and  also  in  that  pointing  to  Ton- 
guro  and  other  volcanic  cones. — ^KM.] 

No.  m. 

BIBLXOaBAPHT  OF  EABTHQUAKEa 

At  tlie  period  of  publication  of  tlie  Second  Report  on  Earthquakes,  it  was 
my  intention  to  have  prepared  a  complete  Bibliography  of  Earthquakes,  the 
want  of  some  such  index  having  been  much  felt  by  myself,  at  former  periods. 
Subsequently,  however,  I  found  that  my  friend.  Professor  Porrey,  of  Dijon, 
had  had  such  a  work  in  progress  for  some  years ;  and  he  has  since  publi^ed 
his  Bibliographical  Catalogues  in  the  '  M^moires  de  I'Acad^mie  Imp.  de  Dijon,' 
vols.  xiv.  and  xv.  2nd  ser.,  for  1865-56,  which  contained,  in  alphabetical 
order,  one  thousand  eight  hundred  and  thirty-seven  different  works  on  Seis- 
mology. Even  yet,  however,  the  store  of  literature  in  this  speciality  are  not 
completely  taken  stock  of.  I  have  hence  deemed  it  best  simply  to  publish, 
in  the  foUowing  lists,  such  works  as  I  have  found  in  the  several  European 
libraries  named  at  the  head  of  each  separate  list,  along  with  one  in  which 
works,  that  from  various  sources  have  met  my  eye,  are  collected.  The  ma- 
terials thus  given  will  be,  I  should  hope,  of  some  present  service  to  scientific 
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trayellers  abroad;  and  such  portions  as  are  now  can  be  intercalated  with 
future  editions  of  more  perfect  catalogues,  such  as  M.  Perrey's.  The  following 
is  the  order  of  the  library  lists : — 

1.  British  Museum. 

2.  Boyal  Society  of  London. 

3.  Trinity  CoU^e,  Dublin. 

4.  Eoyal  Library,  Berlin. 

5.  Naturforschenden  Freundo  of  Berlin. 

6.  Eoyal  School  of  Mines,  Berlin. 

7.  Library  of  the  University  of  (Jottingen. 

8.  Royal  Library  of  Munich,  Bavaria. 

9.  Eoyal  Library  of  Dresden,  Saxony. 

10.  Library  of  Gand,  Belgium. 

11.  Library  of  the  Mineralogical  Museum,  Naples. 

12.  Works  on  Seismic  and  Volcanic  Subjects  from  various  sources. 

Library  of  the  British  Museum, 

Yerhail  Tan  do  Groote  Aertheninghe  binnen  Mantua  in  Lolio  1619.    4to.  Antwerpen. 

No  date. 
Aoooont  of  the  late  Earthqua][6  in  Jamaica.    8to.  London,  1693. 
Supplement  to  the  Biahop  of  London's  Letter  on  occasion  of  the  late  Earthquake.    8to. 

London,  1750. 
Serious  TlK>ughtB  on  the  Earthquake  at  Lisbon.    8yo.  London,  1755. 
Befleotions,  ^ysical  and  Moral,  upon  the  uncommon  Phenomena  which  have  happened 

from  the  Earaiquake  at  Lima  to  the  present  time.    Sto.  London,  1756. 
A  diort  and  pithie  Discourse  concerning  the  engendering,  tokens,  and  effects  of  all  Earth- 
quakes in  generalL    By  T.  T.    4to.  London,  1580.    (Black  letter.) 
A  most  true  relation  of  a  very  dreadfull  Earthquake  which  began  upon  the  8  December, 

1612,  and  still  continueth  in  Munster,  in  Ghrmanie.    4to.  London,  1612.  (Black  letter.) 
Yera  Belatione  del  Spayenteyole  Terremoto  nelle  proyinde  di  Calabria  dtra  et  ultra. 

4to.  Boma,  1638.    Also  editions  in  Latin,  Neap.  1638;  Angl.,  London,  1638. 
Sopra  il  Terremoto  Ledoni  tre.    4to.  Spoleto,  1732. 
Strange  News  from  the  North,  containing  a  true  and  exact  relation  of  a  great  Earthquake 

in  Cumberland  and  Westmoreland.    4to.  London,  1650. 
Belatione  dell'  horribile  Terremoto  scffuito  nella  cittA  di  Bagusa  et  altre  della  Dalmatia  et 

Albania.    4to.  Yen.  1667.    Alter  edit  angl.,  4to,  London,  1667. 
Stranfle  News  from  Italie ;  being  a  true  relation  of  a  dreadfull  Earthquake  in  Bomania 

ana  the  Marches  of  Anoona,  April  14,  1672.    Trans,  from  the  Italian.    4to.  London, 

1672. 
A  relation  of  the  terrible  Earthquake  at  Weet  Brummidge  in  Stafifordahire,  January  4, 

167&-6.    4to.  London,  1676. 
Strange  News  from  Lcmster  in  Herefordshire ;  being  a  true  narration  of  the  opening  of 

the  earth  in  divers  places  thereabouts.    4to.  London,  1679. 
Strange  News  from  G^ordshire ;  bein^  a  truo  and  faithful  account  of  a  wonderful  and 

drradfiil  Earthqudce  that  happened  m  those  parts,  September  17,  1683.    Folio. 
A  time  and  exact  relation  of  tne  Earthquake  at  Naples,  June  5,  1688.    Transl.  from  the 

Italian.    4to.  London,  1688. 
A  tarue  and  unpartial  Account  of  the  strange  and  wonderful  Earthquake  which  happened 

in  most  parts  of  the  City  of  London,  8  September,  1692.    Folio. 
A  Fhiloeophicid  Discourse  of  Earthquakes,  occasioned  by  the  late  Earthquake,  September 

8,  1692.    By  C.  H.    4to.  London,  1692. 
A  true  and  perfect  relation  of  the  Earthquake  at  Fort  Boyal  in  Jamaica,  7  June,  1692. 

Folio.    London. 
A  full  Account  of  the  late  dreadful  Earthquake  at  Fort  Boyal  in  Jamaica,  June  22, 1692. 

In  two  letters  frx)m  the  minister  of  that  place.    Folio. 
A  sad  and  terrible  relation  of  the  dreadful  Earthquake  which  happened  at  Jamaco  [sic]. 

12mo.  London,  1692. 
A  Fractical  Discourse  on  the  late  Earthquakes,  with  an  Historical  Account  of  Frodigiee 

and  their  various  efEects.    By  a  Beverend  Divine.    4to.  London,  1692. 
Epirtola  ad  Begiam  Societatem  Londlnensem,  qua  de  nuperis  tememotibus  disseritur  et 
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rend  6oram  caussD  ernuntor.  4to.  London,  1093.  Presses  to  aoootint  for  eArthquAkes 
oociming  on  astrological  grounds. 

An  account  of  the  late  terrible  Earthquake  in  Sidfy.  Done  from  the  Italian  copy  printed 
at  Borne.    4to.  London,  1693. 

The  Earth  twice  shaken  wonderfully;  or  an  analogical  Discourse  of  Earthquakes.  By 
I.  D.  E.  [Eouffional],  French  minister.    4to.  London,  1693-94.    47  pages. 

The  General  History  of  Earthquakes.    By  R.  B.     12mo.  London,  1694. 

A  full  and  dismal  Account  of  an  Earthquake  that  happened  in  Batavia,  28  February, 
1700.     12mo.  London. 

A  true  and  particular  Eelation  of  the  Earthquake  which  happened  at  Lima,  the  capital  of 
Peru,  the  28  October,  1746;  with  a  description  of  Callao  and  Lima  befote  their 
destruction,  and  the  Kingdom  of  Peru  in  general.  8to.  London,  1748.  (Erased  in 
Catal.) 

Istoria  ae'  Fenomeni  del  Tremoto  ayvenuto  nelle  Calabrie  e  nel  Yaldemone  nell'  anno 
1783,  porta  in  luce  dalla  Reale  Accademia  delle  Scienze  e  delle  Belle  Lettere  di  Napoli. 
Fol.  Nan.  1781. 

Dreadful  IN  ews,  or  a  true  Relation  of  the  great,  violent,  and  late  Earthquake,  which  hap- 
pened the  27  March  Stilo  Romano  last,  at  Callabria  in  the  Kingdom  of  Naples.  London, 
i638.     Gives  a  Ust  of  30  towns  and  cities  overthrown,  and  50,000  people  killed. 

A  full  Account  of  the  great  and  terrible  Earthquake  in  Germany,  Hungary,  and  Turkey, 
one  of  the  greatest  and  most  wonderful  that  ever  was  in  the  world.  Tronslaled  from 
the  Dutch  of  Leopold  Wettersheint  de  Hodensteen,  by  Richard  Alcock.  4to.  London. 
Date  illegible.    Refers  to  Cardan's  opinions  of  earthquakes,  in  "  De  Subtilitate." 

A  Narrative  of  the  Earthquake  and  Fire  of  Lisbon.  By  Antonio  Pereira,  of  the  Congrega- 
tion of  the  Oratory,  on  Eire-witness  thereof.  Translated  from  the  Latin.  8vo.  London, 
1756. 

A  true  and  exact  Relation  of  the  lato  prodigious  Earthquake  and  Eruption  of  Mount  j^tno, 
or  Mount  GKbello,  as  it  came  in  a  Letter  to  bis  late  Majesty  from  Naples,  by  the  Right 
Hon.  Earle  of  Winchclsea,  Ambassador  at  Constantinople.    4to.  London,  1<>69. 

Dolorosa  Tragoedia  rcpresentota  nel  regno  di  Catania,  &c.    4to.  Catania;,  1095. 

Del  Tememoto  dialogo  di  Jaeomo  Antonio  Buoni,  Medico  Ferrarese.  Distinto  in  quatbro 
ffiomote.  4to.  Modcna,  1571.  59  pages.  A  digest  in  the  usual  fashion  of  all  old  know- 
ledge ;  and  a  large  catalogue,  with  approximate  dates  of  earthquakes.  This  catalo^e  is 
very  copious  and  valuable.  Ten  signs  of  earthquakes  enumerated.  Catalogue  continued 
to  A.D.  1010. 

Del  Terramoto  Dialogo  del  Signor  Lucio  Maggio,  Gentil  huomo  Bolognese.  4to.  Bologna» 
1671. 

Bridges'  Annals  of  Jamaica.    (The  great  Jamaica  Earthquake.) 

Some  Considerations  on  the  Causes  of  Earthquakes.  By  S.  Hales,  D.D.,  F.B.S.  8vo. 
London,  1750. 

William  Stukoly,  M.D.,  The  Philosophy  of  Earthquakes.  8vo.  London,  1750.  With  Part  II. 

A  Philosophical  Discourse  of  Earthquakes,  occasioned  by  the  late  Earthquake  of  8  Sept. 
1692.    By  C.  H.    4to.  London,  1693. 

Vera  relatione  del  Spaventevole  Terraemoto  succosso  alii  27  di  Marzo,  su  le  21  hore  nelle 
Provincie  di  Calabria  citra  et  ultra.    4to.  Roma,  1638.    71  pagc^. 

Oratio  in  reoentem  Terra  motum  QcrmanioB  utriusquo  terrorem,  anno  1640,  4  Aprilis, 
post  tertiam  matutinam.    A  Ion  Haleno  Canonico.    4to.  Col.  A^^.  1640.    41  pages. 

Tmttato  universale  di  tutti  U  Terremoti  occorsi  e  noti  nel  mondo  con  li  casi  m&usti 
ed'infelici  preesagili  da  tali  Terremoti.    4to.  Nell*  Aquila,  1652.     146  pa^ 

A  Catalogue  of  Earthquakes  from  the  earliest  Times  of  the  Jews  and  Phyhstines  down  to 
that  when  the  Emperor  Henry  IV.  made  war  with  Pope  Pasquale  II.  (Vide  date.) 
Few  precise  dates  ^ven ;  chiefly  a  mass  of  churchmen's  superstition. 

Relatione  del  horribile  Terremoto  semiito  nella  citt4  di  Ragiisa  et  altra  della  Dalmataa 
et  Albania  il  giomo  delli  6  Aprile,  1667.    4to.  Venctia,  1667.     Only  a  letter. 

M.  Kircher,  Mundus  Subterraneus,  Ub.  4.    There  is  much  information  as  to  Earthquakes. 

Tremble  Terre,  oil  sont  contenus  see  causes,  signes,  cffets  et  remedes.  Par  Louys  du  Thoum, 
Docteur  et  Avocat,  &c.  k  Bordeaux.  8vo.  1616.  Discusses  all  the  causes,  kinds,  signs, 
presages,  and  supernatural  remedies  of  the  Ancients.   A  learned  book  in  its  time  and  way. 

Del  Terremoto  Dialogo  del  Sig.  Ludo  Maggio  di  Bologna.  8vo.  Bologna,  1624.  Trans- 
lated into  French,  and  published  at  Paris,  8  vols.,  1675. 

Reflections,  Physical  and  Moral,  upon  various  uncommon  Phenomena  from  the  EartJi- 
quoke  of  Lima,  &c.    8vo.  London,  1756. 

Ragionamento  del  Dottor  Signor  Gaspare  Paragallo,  intomo  alia  cagione  de*  Tremuoti. 
4to.  Napoli,  1689.    151  pages. 

pominici  Bottom  de  immani  Trinacriss  Tememotu  Idea  historico-physica ;  in  qua  non 
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eolmn  ooncuflsioneB  taranBacte  reoenBentur,  sed  noTiwimsB  anni  1717.  .4to.  Messanse,  1718. 
131  pa^. 

Lettera  scientifica  intomo  alia  oagione  de'  TerrsDmoti.  Scrifcta  dal  Dottore  GHrolamo  GKuntini, 
all*  Uluat  Sig.  Cayal.  Giuseppe  Bidolfi.    4to.  Firenze,  1729.    40  pages. 

Practical  Befleotdoiis  on  the  late  Earthquakes  in  Jamaica,  England,  SidUv,  Malta,  &c^  anno 
1692.    Bj  John  Shower.    1693.    (A  Presbyterian  minister.) 

A  Form  of  Prayer  ordered  by  the  Queen  and  Privy  Council  (for  the  Earthquake  noticed 
bv  Spncer),  1  May,  1580. 

A  short  and  pithie  Discourse  concerning  the  Engendring,  Tokens,  and  Effects  of  all  Earth- 
quakes in  general ;  particularly  applied  and  conferred  with  that  most  strange  and  terrible 
Worke  of  the  Lorid  within  the  citie  of  London,  &c.,  &c.  4to.  London,  ISS). — Catalogue 
of  Books  bequeathed  to  the  Bodleian  Library  by  Richard  Gough,  Oxford,  1814,  p.  209. 

A  Sermon  occasioned  by  the  late  Earthquake  in  London.  By  Samuel  DoolitUe.  4to. 
London,  1^02.— Bid.  p.  210. 

The  right  Improvement  of  alarming  Providences ;  a  Sermon  preached  at  Cheshunt  in 
Hortfordshiro,  March  18th,  1749-^,  on  occasion  of  the  two  late  Eaurthquakee.  By  John 
Mason,  A.M.    London,  1750. 

The  Scripture  Account  of  the  Cause  and  Intention  of  Earthquakes ;  in  a  Sermon  preached 
at  the  Old  Jewry,  March  11,  1749-50,  on  occasion  of  the  two  shocks  of  an  Earthquake, 
the  first  on  February  8th,  the  other  on  March  8th.  By  Samuel  Chandler.  London,  1750. 

Bay's  Physico-Theological  Discourse  of  the  Deluge  (209  pages) ;  and  Dr.  T.  Bobinson's 
Ijetter  to  Bay,  22nd  Sept  1692.    Both  relate  to  the  great  Jamaica  Earthquake. 

A  Discourse  of  Earthquakes,  as  they  are  supernatural  and  premonitory  signs  of  a  nation, 
by  the  author  of  the  Fulfilling  of  the  Scriptures.  By  Eobert  Hemming.  8yo.  London, 
1693. 

A  Chronological  and  Historical  Account  of  Earthquakes  from  the  beginning  of  the  Christian 
period  to  1750,  with  an  Appendix  of  those  felt  in  England ;  wit£  a  Preface  and  Index. 
By  a  Gentleman  of  the  Umversity  of  Cambridge.    8vo.  Cambridge,  1750. 

A  further  Account,  by  the  same  Author,  of  the  memorable  Earthquake  of  1756,  Trith  a 
Belation  of  that  of  Lisbon ;  together  with  an  Abstract  of  Father  Gfor^*s  Narratiye  of  the 
rise  of  a  New  Island  in  the  Bay  of  Santorini,  in  the  Archipelago,  in  1707,  and  an 
Appendix,  giving  an  Account  of  an  Auto  da  F6  at  Lisbon,  by  an  jSye-witness.  8vo. 
Cambridge,  1756. 

The  History  and  Philosophy  of  Earthquakes,  from  the  remotest  to  the  present  Times,  col- 
lected from  the  best  wntcvs  on  the  suqject,  wit^  a  particular  Account  of  the  Phenomena 
of  the  ereat  one  of  Nov.  1,  1755,  in  various  parts  of  the  globe.  By  ft  Member  of  the 
Boyal  Academy  of  Berlin.  With  an  Index.    London,  1757. 

Observations  on  Three  Earthquakes ;  their  Natural  Causes,  Kinds,  and  manifold  Efieets 
and  Presages :  occasioned  by  the  last  which  happened,  the  8  of  Sept.  1694,  in  the  Kingdom 
of  Naples  in  Italy.  Bv  I.  D.  E.  (L  de  Eoufflonal),  French  Minister.  4to.  London,  1694. 

A  Belation  of  the  dreadful  Earthquake  which  happened  at  Lima  and  the  neighbouring 

gort  of  Callao,  on  the  28th  Oct.  1746 ;  published  at  lima,  and  translated  from  the 
panish,  with  a  description  of  those  towns  before  their  destruction,  &o.,  &o.  Also  an 
Appendix,  containing  a  full  Account  of  the  Earthquake  at  Port  Koyal,  Jamaioai  in 
1692.    In  Two  Letters,  written  by  the  Minister  of  the  place.    8to.  London,  1748. 

Library  of  the  Boyal  Society ^  London, 

Bylandt,  B^um^  pr^liminaire  de  ronyrage  snr  la  thtorie  dee  Yoloans.    8ya  Naples,  1833. 
PhiUippus  Beroaldus,  De  Terrtemotu  et  Pestilentia,  cum  annotamentis  Qaleni     4to. 

Ai^torati,  1510. 
Noel  Andr^,  Th6orie  de  la  Surface  actuelle  de  la  Terre  (Earthquakes?).    8td.  Paris,  1806. 

Library  of  Trinity  College,  Dublin^ 

Barth  Keckermannus,  De  Magno  Tememotu  Sept  8,  intra  2  et  3  noctis  horam,  1601. 

4to.  Heidelberg,  1602. 
From  the  Collection  of  Bound  Pamphlets  :— 

Medical  Tracts.    FF.  n.  23.    Several  narratived. 

Tracts  on  Earthquakes.  (lib.  Fag.)    H.  11.  26. 

Hottinger  Analecta.    Hebrew  Earthquakes.    BB.  11.  57. 

Pamphlets  on  Earthquakes.    P.  11.  5o.    Seyeral  namitiyea^. 
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Boyal  Library  at  Berlin. 

Vulcane;  Geologie;  aUyemeine  Schriftm, 

GDhom.  Ittigius,  Lucubrationes  academicae  de  montium  incendiis.    8vo.  Lips.  1671.  ^ 
Job.  Henr.  Mullerus,  press,  (resp.  Jo.  Leonh.  Andre»),  Piss,  inaug.  de  montibus  igniyomie 

sive  Yulcaniis.    4to.  Altdorfii,  1710. 
W.  Hamiliton,  Observations  on  mount  Vesuvius,  mount  Etaa,  and  other  Volcanos,  in  a 

series  of  letters  addressed  to  the  Boyal  Society.    New  edition,  c.  6  tabb.    8vo.  London, 

1774. 
BeobachtungBn  iiber  den  Yesuv,  den  Aetna  u.  andere  Yulkane ;  in  Briefen  an  die  B. 

Qrossb.  Soc.  d.  Wiss.    Aus  dem  Engl.  c.  mappa  et  5  tabb.  an.    8vo.  Berlin,  1773. 
AdhBBc : — 

1.  Ejusd.  Neuere  Beobachtungen  iiber  die  Yulkane  Italiens  und  am  Bhein ;  in 
Briefen  nebst  Bemerkungen  des  Abta  Giraud  Soulavie.  Aus  dem  Franz,  von 
G.  A.  B.  (Bucker),  mit  ^merk.    c.  mappa.    Frankf.  und  Leipzig,  1784. 

2.  Ejusd.  Campi  Phlegrsi:  Observations  on  the  Yolcanos  of  the  two  Sicilies,  as 
they  have  been  communicated  to  the  Boyal  Society  of  London,  in  English  and 
French,    c.  54  tabb.  aen.  ooL    Fol.  Naples,  1776. 

3.  !EJjusd.  (Euvree  complettes,  comment^es  par  Giraud-Soulavie.    8vo.  Pans,  1781. 

B.  E.  Basp6,  Account  of  some  German  Yolcanos  and  their  productions,  with  a  new  hypo- 
thesis 01  the  prismatioal  basaltes.    c  2  tabb.  sen.    8vo.  London,  1776. 

Cosm.  Oolllni,  Betrachtungen  iiber  die  vulkanischen  Berge.     A.  d.  Franz,  iibersetzt, 

c  tabb.  een.    4to.  Dresden,  1783. 
Faigas  de  Saint-Fond,  Min^ralode  des  Yolcans.    c.  3  tabb.  sen.    8vo.  Paris,  1784. 
Frz.  von  Beroldingen,  Die  YuUiane  aelterer  und  neuerer  Zeit,  physikalisch  und  mine- 

ralonsch  betrachtet    Th.  1,  2.    1  vol.  Mannh.  1791. 
Carl  Wilhelm  Nose,  Beitrage  zu  den  YorsteUungsarten  iiber  vulkanische  Ckgenstande. 

8vo.  Frank£  a.  M.  1722. 
Adhsc: — 

1.  Fijusd.  Fortsetzunff  der  Beitrage,  ib.  1793. 

2.  „      Beschluss  der  Beitrage,  ib.  1794. 

8.       „      Beschreibung  einer  Sammlung  von  meist  vulkanischen  Fossilien  die 
D^odat  Dolomieu  im  Jahre  1791,  von  Maltha  aus  nach  Augsburg  und  Berlin 
rersandte.    Fol.  Frankf.  a.  M.  1797. 
Le  Prince  Dimitri  de  Gallitzin,  Lettre  sur  les  Yolcans  k  ^ons.  de  Siimmermann.    8vo. 

Brunswick,  1797. 
0.  N.  Ordinaire,  Histoire  Naturelle  des  Yolcans,  comprenant  les  Yolcans  soumarins,  oeux 
de  boue  et  autres  ph^nom^nes  analogues,    c.  mappa.    8vo.  Paris,  an.  x.  1802. 

C.  Lippi,  Fii  il  fuoco,  o  Facqua  che  sotterro  Pompei  od  Eroolano:  Scoperta  fatta  nel  1810. 
Pnma  edizione  italiana,  c.  1  tab.    8yo.  Napoli,  1816. 

A.  T.  Humboldt,  Ueber  den  Bau  und  die  Wirkimgsart  der  Yulcane  in  verschiedenen 

Erdstrichen.    8vo.  Berlin,  1823. 
Sammlung  von  Arbeiten  auslandischer  Naturforscher  iiber  Feuerborge  und  verwandte 

Phiinomene.    Deutsch  bearbeitet  von  J.  Nomerath  und  J.  P.  Pauls.    Bd.  2.    Elberfeld, 

1825,  c  3  tabb.  et  tit:— T.  T.  Baffles,  Die  Vulkane  auf  Java;  L.  A.  Necker,  iiber  den 

Monte  Somma ;  und  C.  Daubeny,  iiber  die  Yulcane  in  der  Auvergne.    A.  d.  EngL  und 

Franz,  fibers,  mit  Anm.  von  J.  Noggerath  und  J.  P.  Pauls,    c  3  tabb.  lith.    8vo. 

Elberfeld,  1825. 
Poulett  Scrope,  Considerations  on  Yolcanos.    c.  tabb.    8vo.  London,  1825. 
W.  H.  0.  B.  A.  Ton  Ungem-Stemberg,  Werden  und  Seyn  des  vulkanischen  Gebirges. 

a  8  tabb.    8vo.  Carlaruhe,  1825. 
H.  Abich,  Yues  illustratives  de  quelques  Ph^nom^nes  g^logiques,  prises  sur  le  Y^suve  et 

TEtna  pendant  les  ann^  1833  et  1834.    c  10  tabb.  lith.    FoL    Paris  et  Strasbourg, 

1836. 
Geologische  Beobachtungen  iiber  die  vulkanischen  Erscheinungen  und  Bildungen  in 

Unter-  u.  Mittel-Italien.    Band,  i  Lief,  i.,  c  3  mapp.  und  2  tabb.  Uth.    4to.  Braunschw. 

1841. 
A.  de  Bylandt-Palstercamp,  Thtorie  des  Yolcans,  torn.  1-3.    3  vols.  8vo.  Paris,  1835. 
„  ,»  „  Atlas.    17  tabb.  Uth.  1  vol.  fol.  Paris,  1836. 

Walter,  Ueber  die  Abnahme  der  yulkanischen  Thatigkeit  in  historischen  Zeiten  Pro- 

gramm.    Berlin,  1843. 
Aneebunden : — 
Andr.  Schumann,  Yersuch   einer   Theorie   des   Erdvulkanismus :  Progr.     4to. 
Quedlmb.  1842. 
0.  W.  Bitter,  Beechreibong  m«rkwurdiger  Yulkane*    Neue  Ausgabo  ohno  Eupfer.    8vo. 

Breelao,  1847. 
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Ign.  T.  Born,  Sendschreiben,  uber  einen  ausgebrannten  Yulkan  be!  Eger.   4to.  Prag.  1773. 
Schreiben  uber  einar  aosgebrannten  Yulkan  bey  der  Stadt  Eger  in  Bohmen.     4to. 

Prag.  1773. 
Jo.  StSnuiger,  Die  erloechenen  Yulkane  in  der  Eifel  and  am  Niederrhein.    c.  2  tabb.  lith. 

8to.  Mimiz.  1820. 
Neue  Beitrage  zur  Qeechichte  der  rheinischen  Yulkane.  a  2  tabb.  lith.    Svo.  Mains. 

1821. 
H.  J.  Tan  der  W^ok,  Uebersicht  der  rbeiniachen  und  Eifeler  erloachenen  Yulkane,  nnd 

der  Erhebungs-Qebilde,  welche  damit  in  geognoetiBcfaer  Yerbindung  stehen*     8to. 

Bonn,  1826. 
Sam.  Hibbert,  Ejstoiy  of  the  extinct  Yolcanoe  of  the  basin  of  Neuwied,  on  the  Lower 

Bhine.    o.  1  mapp.  7  tabb.  et  multis  fifg.    8yo.  Edinb.  1832. 
Carl  Thomae,  Der  yulkamsohe  Boderberg  mi  Bonn.   Mit  einem  Yorworte  ron  J.  Noggerath. 

c  mi^pa  et  3  tabb.  lith.    8to.  Bonn,  1835. 

(Frankreich,) 

'FauMB  de  Saint-Fond,  Becherches  sur  lee  Yolcans  6teintB  du  Yiyaraia  et  da  Yelay.    o.  20 

tabb.  ien.    Fol.  Grenoble,  1778. 
SouloTie,  Chronolone  physique  dee  £ruptionB  dee  Yoloans  6teintB  de  la  France  mdridionale. 

c  5  tabb.    8vo.  Pans,  1781. 
Lacoete,  Obfiervations  sur  les  Yolcans  de  TAuvergne.     (201  pagg.  et  196  pagg.  notes.) 

8to.    Clermond-Ferrand,  an.  xi 
G.  Poulett  Scrope,  Memoir  on  the  Geolo«;7  of  Central  France;  indudii^the  Yoloanio 

Formations  of  Auveivne,  the  Yelay,  andthe  Yiyarais.    4to.  London,  18^. 
,  Maps  and  Plates  to  the  Memoir  on  the  Geology  and  Yolcanio  Formations  of 

Central  France.  19  tabb.  an,  1  toI.  fol. 
Am^dto  Burat,  Description  des  Terrains  yolcaniquee  de  la  Franoe  Centrale.   c.  10  tabb.  lith. 

8fo.  Paris,  1833. 

(liaUen,) 

Alb.  Fortis,  Delia  YaUe  Tukanioo-marina  di  Bonca  nel  territorio  Yeronese.    o.  tabb.  sen. 

4to.  Yenezia,  1778. 
Sdpion  Breislak,  Essais  min^ralogiqnee  sur  la  Solfatare  de  Pozzoolo.    Trad,  du  mscr.  ital. 

par  Fran9.  de  PommereuL    8vo.  Naples,  1792. 
Antonio  Bmifon,  Compendio  istorico  degli  inoendii  del  monte  Yesuvio,  fino  all^  ultima 

eruzione  accaduta  nel  meee  di  Giufno  1698.    c.  tab.    8to.  Napoli,  1701.   (Deest  titulus.) 
Gasp.  Paragallo,  Istoria  naturale  del  monte  YesuYio.    4to.  Napoli,  1705. 
Ignazio  Sorrentino,  Istoria  del  monte  Yeeuvio.    libb.  2,  4to.  Napoli,  1734. 
]£stoire  du  mont  Y^ure.    Traduite  de  PitaHen  de  1' Academic  des  Sciences  de  Naples, 

par  Duperron  de  Castera.    c.  2  tabb.  sen.    Svo.  Paris,  1741. 
Gio.  Mana  della  Torre,  Storia  e  Fenomeni  del  Yeeuyio.    c.  10  tabb.  en.   4to.  Napoli,  1755. 
, esposti  dalla  sua  origine  sino  al  1767 :  c  Sup- 

plemento  (39  pagg.).    c  10  tabb.  em.    4to.  Napoli,  1768. 

,  Histoire  et  Ph^nomdnes  du  Y^re.    c.  tabb.    8vo.  Naples,  1771. 

,  Gcschichte  und  Naturbegebenheiten  des  Yeeuvs  von  den  aeltesten 

Zeiten  bis  zum  Jahr  1779.    A.  d.  Ital.  von  L***.    c.  2  tabb.  »n.    8vo.  Altenburg,  1783. 

f  Gabinetto  Yesuviano.    Ed.  3.    8vo.  Napoli,  1797. 

(Ant  Yetrani  J,  D  Prodomo  Yesuviano,  in  cui  oltre  al  nome,  origine,  etc.  del  Yesuvio  sen'  esa- 

min6  tutti  i  sistemi  de'  filoeofi,  etc.    8vo.  Napoli,  1780. 
Mattia  Yalenziani,  Indice  spiegato  di  tutti  le  produzioni  del  Yesuvio,  della  Solfatara,  e 

d'Ischia.    4to.  Napoli,  1783. 
Dissertazione  della  vera  raccolta  o  sia  museo  di  tutte  le  produzioni  del  monte  Yessuvio. 

(12  pagg.,  sine  titnlo.)    4to. 
(Jo.  Nepom.  Graf  von  Mittrowski),  Phisikalisohe  Briefe  iiber  den  Yesur  und  die  Gegend 

Ton  NeapeL    8vo.  Lei^zi^,  1785. 
Gins.  Gioeni,  Saggio  di  Litoloffia  Yesuviana.    8vo.  Napoli,  1791. 
,  Yersnch  einer  lithologie  des  Yesuvs.    A.  d.  ItaL  von  Leop.  T.  Fichtel.    Svo. 

Wien,  1793. 
F.  Monticelli  e  N.  Corelli,  Prodromo  della  Mineralogia  Yesuviana.    Oristognosia.    Textus 

1  voL,  19  tabb.  1  vol.    Napoli,  1825. 
Tbeodoro  Monticelli  e  Nicola  Corelli,  Prodromo  della  Mineralogia  Yesuviana,  ToL  1, 

Oristopoeia.    con  19  tavole.    4to.  Napoli,  1843. 
John  Amdio,  Sketches  of  Yesuvius,  with  short  Accounts  of  its  Principal  Eruptions,  o,  tabb. 

lith.  coL    Svo.  Naples,  1832. 
— — , 4  e,  tabb.  lith.  nigr.    Svo.  London,  1833. 
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n  Spettatore  del  Veeuvio  o  de*  campi  flegrei :  Giomfde  oompilato  da  F.  Cassola  o  L.  Pilla. 

Fasc.  1.  nn.  1-3,  Luglio  a  Deoembre  1832;  faac.  2.  nn.  1-2,  Gennaro  ad  Aprile  1833. 

1  vol.  8vo.  Napoli,  1832,  1833. 
Adh»o: — 

Bulletino  G^logico  del  Vesuyio  e  de*  campi  flegrei.   Compilato  da  L.  Pilla,  Nob.  1-2, 
la'H. 
Joan.  Bapt.  Masculus,  De  inccndio  Vesuvii  excitato  xvii.  Kal.  Januar.  anno  1631,  cum 

Chronologia  superionim  incendiorum.    c.  2  tabb.  an.    4to.  Napoli,  1(J33. 
Jul.  Cas.  Eecupitua,  De  Vesuviano  Incendio  nuntius.    4to.  Neapoli,  1632, 

^ .    8vo.  Neapoli,  1632,  et  denuo  1633. 

Copia  eines  Schreibens  aufs  Neapolis,  darinnen  bcrichtct  werdcn   etliche  crscliWickliche 

Wunderzeitungen,  welche  sich  in  1631   Jahre,  mit  einem  brenncndon  Bcr'^Q  Vcsuyio 

genannt  zugetragen.    4to.  Neapoli,  1632. 
Erechreckliche  Wunderzoichon  und  grosses  Erdbebcn  so  sich  anno  1631,  nicht  wcit  von 

Neapolis  bcgeben  (2-folio).  4to. 
Die  Feur  eyferige  Zom-Rutho  Gottes  auff  dem  brcnnonden  Berg  Vcsuvio  in  Campania. 

Beschrieben  durch  eincn  Deutschen  liebhaber  der  Nalurkiincligung  und  Gohcinmiss 

Gottes.     1633. 
Istoria  delP  incendio  del  Vesuvio  accaduto  nel  mese  di  Maggio  dell*  ano  1737.    Scritta 

per  I'Academia  delle  Scienze.  Ed.  2,  c.  2  tabb.  aen.    8vo.  Napoli,  1740. 
Giovan.  Jacopo  Zannichelli,  Considerazioni  intomo  ad  una  piogj^ia  di  terra  caduta  nel  golfo 

di  Venezia,  e  sopra  I'incendio  del  Vesuvio.    4to.  Venezia,  1737. 
GiuB.  Mar.  Mecatti,  Racoonto  stor.  filos.  del  Vesuvio.    o.  tabb.  ren.    4to.  Napoli,  1752. 
(Andr.  Pigonati),  Descrizione  delle  ultimo  eruzioni  del  monte  Vesuvio  da*  25  Marzo  1766, 

flno  A,  10  Dioembre  dell'  anno  medesimo.    8vo.  Napoli,  1767. 
( ),  Desoriz.  dell  ultima  eruzione  del  monte  Vesuvio  de'  19  Octobro  1767.    o.  tabb. 

8vo.  Napoli,  1768. 
(Ghietano  de  Bottis),  Ragionamento  istorico  dcU'  incendio  del  Vesuvio  aocaduto  nel  mese 

di  Ootobre  1767.    o.  2  tabb.  8Pn.    4to.  Napoli,  1768. 
( ),  Ragionamento  istorica  dell'  incendio  del'  monte  Vesuvio  che  oominci6  nell* 

afio  1770,  e  d«3le  varie  eruzioni,  che  ha  oagnionate.    c.  4  tabb.  an.    4to.  Napoli,  1776. 
(Domen.  Fata),  Dcscriziono  del  grando  incendio  del  Vesuvio  suooeso  nell'  Agosto  1779. 

8vo.  Napoh,  1779. 
Scrip.  Breislake  Ant  Winspeare,  Memoria  sull'  eruzione  del  Vesuvio,  aocaduta  U  sera  de* 

16  Giugno  171M.    8vo.  Napoli,  1794. 
Ausfubrlicher  Bericht  von  dem  letzfcem  Ausbruche  dea  Vesuvs,  am  15  Jun.  1794;  die 

Geschichte  aller  vorherg^gangenen  Ausbruche  und  Betrachtungcn  ubor  die  Ursachen  der 

Erdbeben ;  von  M.  A.  D.  O.    Nebst  e.  Schreiben  des  Einsiedlers  am  Vesuv  und  2 

Briefen  des  Duca  della  Torre.    A.  d.  Ital.    c.  2  tabb.    4to.  Dresden,  1795. 
Job.  Bapt  Salvadori,  Notizen  iiber  den  Vesuv  und  dcssen  Eruption,  22  Oct  1822. 

Verdeutflcht  durch  C.  F.  C.  H.    c.  3  tabb.  lith,    4to.  Neapcl,  182;i. 
Teodoro  Monticelli,  Memorie  su  le  vicende  del  Vesuvio  (1813-1823).     (Mit  lithogr. 

Tafdn.)    4to.  NapoU,  1841. 
T.  Monticelli  e  N.  Corelli,  Storia  de'  fenomeni  del  Vesuvio  awenuti  negU  anni  1821, 1822 

et  182a    c  4  tabb.  Uth.    8vo.  Napoli,  1823. 
Antonius  Philotbeus  de  Homodeis  Siculus,  JEtna  topo^phia  incendiorumque  Mtaworum 

Historia.    Per  Nic.  Oddum  Patavinum  in  lucem  edita.    4to.  Venetiis,  1591. 
(Omodei),  Deecrittione  del  sito  di  Mongibello.    Tradotto  dal  latino  da  L. 

Orlandini    4to.  Palermo,  1611. 
Franc.  Ferrara,  Storia  gcnerale  dell'  Etna,    c  5  tabb.    8vo.  Catania,  1793. 
Guis.  Recunaro,  Storia  naturale  e  generalo  dell'  Etna.    Opera  postuma  arrioohita  da 

Agatino  Kecupero.    Tom.  1-2,  c.  tabb.  2  vols.  4to.  Catania,  1815. 
Mario  G^mmellaro,  Memoria  dell'  eruzione  dell'  Etna  awenuta  nell'  anno  1809.    2nd  ed. 

c.  2  tabb.    8vo.  Catania,  1820. 
J.  F.  Schouw,  L'ultima  eruzione  dell'  Etna,  descritta  in  una  lettera.    c  tab.  8vo.  (Estratto 

dal  giomale  encicL,  Nap.  1819.) 
Deodat  de  Dolomieu,  Voyage  aux  lies  de  lipari,  fait  en  1781 ;  ou  notices  sur  lea  Ilea 

.^Eloliennes,  pour  servir  a  I'histoire  des  volcans.    8vo.  Paris,  1783. 

, .    A.  d.  Franz,  von  Ludw.  Chon.  Lichtenberg.    Syo.  Leipsig,  1783. 

,  M^moire  sur  lea  Ues  Ponces,  et  Catalogue  raisoun6  des  produits  de  I'Etna ; 

suivis  de  la  Description  de  I'firuption  do  I'Etna,  du  mois  de  Juiliet  1787.    c.  4  tabb. 

8vo.  Paris,  1788. 
,  Bemerkungen  iiber  die  Ponza-Inseln,  etc.    A.  d.  Franz.  Yoa  Voigt  8va  Leipaigi 

1789. 
Fred.  Hoflhiann,  Intomo  al  nuovo  vulcano  prcsso  la  cittA  di  Sciaoca,  lettere  al  Duca  di 

Serradifaloo.    c.  tab.    8vo.  Palermo,  1831. 
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Carlo  Gemmellaro,  Belazione  dei  fenomeni  del  nuoTO  Tulcano  sorto  dal  mare  fra  Is  ooeta 
di  Sidlia  e  risola  di  Pantellaria  nel  xnese  di  Lu/rlio,  1831.  o.  2  tabb.  litib.  8yo.  Catania, 
1831.  ^^ 

Ast6Tl. 

T.  S.  Baffles,  Die  Vulkane  auf  Jara.    8yo.  1825. 

Ant.  Henr.  yon  der  Boon-Meech,  Disp.  geoL  inaug.  de  inoendiis  montium  igni  ardentiam 
insula  Jay»,  eorumdemqoe  lapidibus.    c.  3  tabb.    8yo.  Lugd.  Batay.  1826. 

America. 

Al.  de  Humboldt,  Obeeryations  g^^osfciques  et  phyBiques  sur  les  YolcanB  du  plateau  de 
Quito.  Trad,  de  Fallemand  par  L.  Lalanne.  (Extr.  du  tome  IG  des  Amiales  des  Mines.) 
8yo.  Paris,  1839. 

Erdbeben, 

ToL  misoell.  inscr.  Yaria  de  terree  motibus,  i.  ii    2  yols.  4to. 

Del  terremoto  dialogo  di  Jacomo  Antonio  Buoni  medico  Ferrareee ;  distinto  in  quattro 

giomate.    4to.  M^ena,  1571. 
Jonan  Bascb,  Von  Erdbeben,  etliche  Tractiit  bewiirter  Scribenten.    4to.  Miinchen,  1582. 
Alex.  Achilles,  Grundursachen  der  Erdbebung.    4to.  Berlin,  1666,  BD. 
Terra  tremens :  Bericht  was  Erdbeben  seyen,  etc.    Zusamraengetragen  yon  M.  P.  S.  A.  0« 

4to.  Niimber^,  1760. 
Preyencion  espiritual  para  los  temblores  de  tierra  del  ano  de  1701,  Dialogo  (sine  tit).  4to. 
Bartol.  Abbati,  Epitome  meteorologica  de'  tremoti.    4to.  Boma,  1703. 
Vincenzo  Teloni,  De' terremoti.    4to.  Viterbo,  1703. 
Diego  de  Torres  Villarroel,  Tratado  de  los  tremblores  y  otros  moyimientos  de  la  tierra 

namados  terremotos.    4to.  Madrid,  1748. 
Franc  Mariano  Nipho,  Explicacion  physica  y  moral  de  las  causas  de  los  torremotos.    4to. 

Madrid,  1755. 
William  Stukeley,  The  Philosophy  of  Earthquakes,  Natural  and  BeUgious.    3rd  ed.  3 

ports,  London,  1756. 
Juan  lAiis  Boche,  y  Benito  Oer.  Feyioo,  Nueyo  systhema  sobre  la  causa  physica  de  los 

terremotos.    4to.  Puerto  de  S.  Mana,  1756. 
Benito  Feijoo,  El  terremoto  y  su  uso.    4to.  Toledo,  1756. 

Ifugo  de  Barreda,  Causa  del  terremoto  Sermon  historico-moral.    4to.  Burgos,  1756. 
Miguel  de  San  Joseph,  Bespuesta  a  D.  Jos.  Zeyallos  sobre  yarios  escritos  sobre  el  terremoto. 

Ed.  Damian  de  Espinosa  de  los  Mouteros.    4to.  Ghttnada,  1756. 
Fr.  Francisco  Xayier  Gk>nzalc8,  Beflexiones  critico-thoologicas  sobre  la  causa  del  terremuoto 

(de  Lisboa).    4to.  Sevilla,  1757. 
Jon.  Gottlob  Lehmann,  Physicalische  Gtedanckenyon  denen  Ursachen  deror  Erdbeben  und 

deren  Fortoflantzung.    c.  tabb.    8vo.  Berlin,  1757. 
E.  Bertrand,  M^oires  Historiques  et  physiques  sur  les  tremblemens  de  tcrre.    8yo.  La 

Haye,  1757. 
John  Michell,  Ck>igectures  concerning  the  Cause,  and  Obseryations  upon  the  Phenomena 

of  Earthquakes,    c.  tab.  sen.    4to.  London,  1760. 
Gutierre  Joaquin  Vaca  de  Ghizman  y  Mauique,  Dictamen  sobre  la  utilidad  o  inutilidad  de 

la  excayadon  del  Pozo-Airou  para  evitar  los  terremotos.    4to.  Qranada,  1779. 
Friedr.  Vries,  Von  den  Ursachen  der  Erdbeben.    8yo.  Utrecht  und  Leipzig,  1820. 
,  Von  den  Ursadien  der  Erdbeben  und  von  den  magnetischen  Erscheinungen. 

Zwei  Priaisschriften,  c.  tab.  lith.    8yo.  Leipzig,  1827. 
H.  GHrard,  Ueber  Erdbeben  und  Vulkane.    Kn  Vortrag  gehalten  in  wissensch.  Verein. 

c.  1  tab.    8yo.  Berlin,  1845. 
C.  E.  Ad.  Hoff,  Chronik  der  Erdbeben  und  Vulkan-Ausbriiche.    Th.  1-2.    2  yols,  8yo. 

Qotha^  1840-1841. 

Emzelne  Erdbeben,  nur  chronohgisch  geordnet. 

Wunderzeiohen  eines  erschrecklichen  Erdbebens,  geschehen  1571,  bey  Homburg.    4to. 

Prank,  a.  M.  1571. 
Is.  Hedericus,  Oratio  de  borribili  tenrnmotu,  qui  recens  Austriam  ooncussit.    4to.  Helmst» 

1591. 
Henr.  Eokstormius,  Historic  term  motuum  complurium.    8yo.  Helmst.  1620. 
Belacion  del  terremoto,  sucedido  27  Marzo  1638,  en  Calabria.    Traduzida  de  ital.  poc 

Franc  de  Firmamante.    4to.  Barcelona,  1638. 
Beladon  del  temblor,  y  terromoto  que  Dios  fiie  seryido  de  embiar  k  la  Ciudad  del  Cigoo 

a  dio  do  Marco  de  1650.    (4  pagg.  sine  tit)    Fol.  Madrid,  1651. 
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Kurtie  und  wahrfaafile  Relation  yon  dem  eraohrecklichen  Erdbeben,  welohfie  gich  im 
.  Neapel  und  benachbarten  Orten,  inaonderheit  zu  Benerent,  den  5  Junii  lG8d  bogeben. 

S.  L  e.  a.    4to. 
Gennaro  Sportelli,  Napoli  flagellata  da  Die  con  rhombilisamo  terremoto  accaduto  a*  einquo 

di  Giugno,  1688.    Composta  in  verso  sdrucciolo.    4to.  Napoli,  1688. 
Nicol.  Hopfl&ier,  Das  orschutterte  und  bebende  Keiseen  und  Thiiringen,  &o.    4to.  Leipzig, 

1690. 
Jo.  Paul  Hebenstreit,  De  horrendo  temo  Siculo  mota  nuper  esoiio.    Bisp.  reep.  Phil. 

Geo.  Luck.    4to.  Jense,  1693. 
Lucantonia  Ohracas,  Baooonto  istorico  de'  terramoti  sendti  in  Eoma,  etc.    4to.  Boma,  1704. 
Alfonso  Uria  de  Clanos,  Belazione  orrero  itinerario  fiitto  per  rioonosoere  li  danni  causat^ 

dalli  teiremoti,  1703,  nella  proyincia  dell'  Aquila.    4to.  Roma,  1703. 
Antonio  Mongitore,  Palermo  ammonito,  penitente,  e  grato,  nel  formidabil  terremoto  del 

primo  Settembre  1726.    Narrazione  istorica,  &c.    c.  tab.    4to.  Palermo,  1727. 
GioY.  Ctentili,  Osservazioni  sopra  i  terremoti  ultimamente  aocaduti  aLivomo.  4to.  Firenze, 

1792. 
JBeseyan  Felix  Canrasco,  Belazion  de  las  ruinas  cansadaA  por  los  terremotos  en  Valencia, 

23  de  Marzo,  y  2  de  Abril  de  1748.  (sine  tit)    4to. 
Carta  o  diario  que  escribe  D.  Jos.  Euseb.  de  Liano  v  Zapata  a  D.Jon.  Chiriroea  y  Daga  de 

Quito,  en  que  le  di  cuenta  de  Lodo  lo  acaerido,  deeole  el  28  de  Oct  de  174o,  hasta  el  16 

de  Feb.  de  1747.    4to.  Madrid,  1740. 
Beschreibung  des  Erdbebens,  welcfaee  die  Hauptstadt  Lissabon  und  yiele  andere  Stadte  in 

Portugall  und  Spanien  theils  ganz  umgeworfen,  theila  sehr  beschadigt  hat    Mit  Kup* 

fern.    4to.  Stiick  1.  Danzig,  1756. 
Juan  Luis  Boche,  Beladon  y  obeeryaciones  sobre  el  eeneral  Terremoto  del  1^  Noyb.  de 

1755,  que  comprehendi6  &  la  ciudad,  y  gran  Puerto  de  Sta.  Maria,  etc.    4to.  Puerto  de 

S.  M.,  1766. 
,  Belaoion  y  obflenradoneB  sobre  el  general  Terr^noto  nel  1755.   4to*  Puerto  de  S.  M*t 

1756. 
Gioy.  yirenzio,  Istoria  e  teoria  de'  tremuoti  in  generale  ed  in  partioolare  di  quelli  dalla 

Calabria,  e  di  Messina  de*  1783.    4to.  c.  4  tabb.    Napoli,  17^. 
Istoria  de*  fenomeni  del  tremoto  ayyenuto  nelle  Calabrie,  e  nel  Yaldemone  nell'  anno  1783. 

Text  1  yol.,  Tabb.  1  yoL  fol.    Napoli,  1784. 
Sohreiben  des  Bitters  yon  Hamilton  an  die  K  Soc  der  Wissensch.  in  London,  in  welcbem 

seine  selbst  anfestellten  physischen  Beobachtungen  iiber  das  ibrdbeben  in  Calabrien  und 

Sidlien  mitgetneilt  werden.    A.  d.  Franz.    4to.  Strasb.  1784. 
Adluec: — 
Hiatorische  und  geographische  Beschreibung  yon  Messina  und  Calabrien,  und  me* 
teorologische  Beol^htungen  iiber  das  Eidbeben,  5  Homung  1783.    o.  mappa  et 
tab.    Strassb.  1783. 
D6odat  de  Dolomieu,  Abhandlung  iiber  das  Erdbeben  in  Calabrien  im  Jahfe  1783.    A.  d. 

Franz.    8yo.  Leipzig,  1789. 
Sayerio  Landolina-Naya,  Belazione  del  casma  accaduto  in  Marzo  1790,  presso  a  S.  Maria 

di  Nisoemi  nel  Val  di  Noto  in  Sidlia.    Pubblicata  nel  1792.    Terza  eaiz.    8yo.  Napoli 

1794. 
Gius.  Sayerio  Poll,  Memoria  sul  tremuoto  de'  26  Luglio  dell'  anno  1805.    8yo.  c.  3  tabb, 

Napoli,  1806. 
Agostius  Gallo,  De'  tremuoti  ayyenuti  in  Sidlia  in  Febbrajo  e  Marzo  1823.  (22  Seiten.)  8ya 

Palermo,  1823. 
Gust  Schueler,  Bericht  an  das  f  iirstl.  Wallachische  Ministerium  iiber  die  Erdspaltungen 

und  sonstigen  Wirkungen  des  Erdbebens  zum  11-23  Januar  1838.    (Moldarice,  Ger- 

manico  et  Gallico.)    Fol.  Boucarest,  1838. 
Jac.  Noggerath,  Das  Erdbeben  yom  29  Juli,  1846,  in  Bhoingebiot  und  den  benachbarteu 

Landem.    Mit  einer  Earte.    4to.  Bonn,  1847. 
L.  Pilla,  Istoria  del  tremuoto  che  ha  deyastato  i  paesi  della  costa  toscana  il  di  14  Agosto, 

1846.    8yo.  Pisa,  1846. 

Vulcane  und  Erdbeben  noch  nicht  geordnet. 

Imm.  Kant,  Gesohichte  und  Naturbeschreibung  der  merkwiirdigsten  Yorfalle  des  Erd- 
bebens, welches  an  dem  Ende  des  1755chen  Jahres  einen  grossen  Thoil  der  Erdo  crschiit- 
tert  hat    4to.  Konigsbcrg,  1756. 

J.  Steininger,  Die  erloschenen  Vulcane  in  SiidfrankreiclL  Mit  Charte  und  1  Tafel.  8yo, 
Mainz,  1823. 

Alexis  Perrey,  Instructions  sur  robserration  des  tremblements  de  ten«.  D\jon,  le  15  M«9 
1848.   4to.  (12  Sdten.)    Extr.  do  I'Annuair©  M^t  de  Fr. 
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J.  Fournet  Notes  additJoneUfls  anx  BeoharoheB  sur  les  tremblements  de  terro  du  baMin  da 

!Rh6ne,  de  M.  A.  Ferrey.    4to.  (24  Seiten.)    Extr.  d.  Annates  de  Lyon. 
Alexis  Perrey,  M^moires  snr  lee  tremblements  de  terre  reseentis  dans  le  bassin  du  Bhone. 

4to,  (82  Siitsa  and  1  TafeL)    Extr.  dee  Annales  do  la  Soc.  d'Agna  de  Lyon. 
, dans  le  bassin  du  Danube.  4to.  (82  Seiten.)    Exir.  des  Annalee  de  la  Boo, 

d'Amcult  de  Lyon. 
•7^— ,  Sor  ]fi§  fstemhkmeaU  de  terre  de  la  p^iuDaule  Ib^rique.    4to.  (54  Saten.)    ExtB» 

dee  Ann.,  &a 
~ — ,  Documents  sur  les  tremblements  de  terre  au  Mexique  et  dans  FAm^rique  centrale. 

4to.  (37  Seiten.)    £pinaL    Extr.  des  Annales  d,  1.  Soc.  d'£mulation  d.  Vos^  1848. 
,  Sur  les  tremblements  de  terre  de  la  p^ninsule  Scandinaye.    (Extr.  des  voyages  de 

ia  Oommiis.  Scient  da  Nord  an  Scand.)    8to.  Paris,  1845,    (4to,  63  Seiten.) 
,  Notice  fur  les  tremblements  de  terre  ressentis  k  Angers  et  dans  le  d^purtement  de 

Maine-et-Loire  (Extrait,  &o,\    Svo.  Angers,  1844,     (4to,  7  Seiten.) 
-7 — ,  Doooments  sur  les  tremolements  de  terre  et  lee  miptions  voloauiques  dans  le  bassin 

de  Toc^n  aUantique.    8yo.  Diion.    (67  Seiten.) 
,  Note  sor  las  taremblements  de  terre  ressentiB  ea  1847,  (Extr,  des  M^m.  de  P  Aoad^mie 

de  Dijon.  8to.)    4to.  48  Seiten. 
^,M^moire  sur  les  tremblemeatsde  terre  de  la  p^ninsuleitalique.   (If^moires  oour.  do 

TAcad.  de  Belgique,  t  21.)    4to.  145  Seiten  und  1  Taf. 
^ ^1  M^moires  sor  les  trembl^amento  de  terre  dans  le  bassin  du  Bhin.    (lb,  1 19.)    4tOf 

117  Seiten  und  2  Taf. 
. y  M^moires  sur  les  tremblements  de  terre  ressenias  en  France,  en  Belgique^  et  en  Solr 

lande,  &e.    (lb,  i.  18.)    4to.  110  Seiten  und  2  TaC 
,  Liste  des  tremblements  de  terre  ressentis  en  Europe  et  dans  les  parties  adjaoentes  de 

J'Afriqae  at  de  VJkOB,  pendant  rano^  1843,    (Eitr.  dee  Comptes  ^iod,  1 1  Man,  1844.) 

4to.  11  Seiten. 
-»— ^  NoaTelles  zeeberches  sor  les  taremblemanis  de  tenre  fessentis  en  Europe  et  dan^  lei 

parties  adjaoentes  de  TAfrique  et  de  TAse,  de  1801  &  Juin  1843.    (Extr.  dei  Comptes 

Bend.  25  Sept.  1843.)    4to,  18  Seiten, 
^  Note  sur  les  tremblements  de  terre  en  1847.   Qbbt,  de  U 15.  dfi»  Bulletine  de  TAead. 

Boy,  de  Belgique,   8to.)    4to.  15  Seiten. 
• ^1  Liste  des  tremblements  de  terre  ressenias  pendant  les  ann^  1845  et  1846,   (Extr.dei 

KteL  de  VAced,  de  Dijon.    8to.)    4to.  62  Seiten, 
, pendant  Tann^  1844.    (Extr.  des  Mtoi.  de  TAcad.  de  Dijon.    8to.) 

4to.  9  8atm, 
YoL  misc.  inscr.  Perrey,  Tremblements  de  Terre.    5  pieces,  1843-1847.    4to. 
„  „  „  „  13  pieces,  1844-184a    4to, 

Terras  moiua,  dk  mit  OrtsbesHmmung  $Uhm  Uebtr  vmier  dem  Orte, 

Ain  erschrockenliche  Newe  Ze^ttung,  so  aescbehen  ist  d.  12  Juni  1542,  in  Sobgarbaria.  J>a 

haben  sich  grausamer  Erdtbidem  erhobt  s.  L    4to. 
Yfitdadeta  rebcion  dd  espantable  terremoto  sucedido  &  los  27  de  Marso  de  1638  en  la 

prorincia  de  Calabria.   Impressa  en  Boma,  y  traduzida  de  Italiano  en  Castellano,  por 

Francisco  de  Firmamante.    4to.  Biurcelona,  1638. 
Beladon  de  las  ruinas  y  extragos  causados  por  los  terremotos  que  se  sinti^ron  en  yarias 

partes  del  Beyno  de  Valencia,    Yid.  Stephan.  Felix  Carasco, 
Prevendon  espiritual  para  los  temblores  oc  tierra,  y  otros  acddentes  repentinos,  que  con 

ocasion  del  terremoto  del  ano  de  1701,  se  imprimid  en  la  Ciudad  de  Granada,  y  on  este 

presente  ano  de  1755  se  ha  ruelto  &  r^imprimir,  dialogo  entre  el  Doctor  y  Idiota.   s.  L 

4to.  1755. 
Histoire  des  txex^Uemens  de  terre  arriy&i  k  Lima.    Yid.  Peru, 
Belacion  del  temblor,  y  terromoto,  del  Cuico.    Yid.  Peru. 
'Wundeneicben  eines  erscbrecTtlichen  seltzamen  Erdbidems,  gescheben  diss  1571  Jars,  !m 

Homung,  bey  Homburg  auff  der  Ohm,  im  Landt  zu  Hessen,  unnd  durch  L.  M. 

Pfiurhcnn  daselbst  gantz  fldssig  beschrieben.    4to.  Franckft.  a.  M.  1571. 
Terra  t3*emens:  einfaltig,  doch  kLir,  und  deutlicher  Bericht  was  Erdboben  seyen?  woher 

sie  kommen  ?  etc.    4to.  Niimb.  1670. 
Beschreibung  dee  Erdbebens,  welches  die  Stadt  Lissabon,  1755,  heimgesucht.    St  1.  4to. 

Danzig,  1756.    B.D.2139. 
Heue  ui^  ausfiihrt  Nacbricht  vcm  den^i  leither  und  besonders  seit  d.  5  Febr.  d.  PfL  in 

Messina  u.  CalibrieQ  sich  ereignoten  sohrecklichen  Erdbeben.     SyOf  Berlin,  1763. 

B,J}.  1369, 
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Books  on  EartkqtiaJces  in  the  Library  Catalogue  of  the  ^*  Natwrfureherenden 
Freande*^  in  Berlin, 

Beschrdbung  des  Erdbebens,  welches  die  HauptBtadt  Lbsabon  theils  umgeworfen,  theOs 
beschadigt  hat.    Danzig,  1756. 
On  Volcano^ : — 
Mortesagne,  Briefe  uber  den  erloschenen  Vulkane  Ton  Vivarais  u.  Belay.    8vo.  Hamb.  1791, 
Wiedeburg,  J.  C.  W.,  Ueber  die  Erdbeben  und  den  allgemeinen  NebeL    8yo.  Jena,  1784. 

lAhrary  of  ihe  School  of  Mines,  Berlin, 

Yinoentius  AbariuB  Crucius  CbnniuB,  YesuyiuB  ardens,  sire  exerdtatio  medioo-physica  ad 

*Ptyoirvp€Tovy  id  est,  motum  et  inoendium  Yesuyii  montis  in  Campania,  16  mensiB  De- 

oembris,  ann.  1631.    libria  II.  oomprehonsa.    4to.  Eom»,  1632. 
Teodoro  Monticelli,  Memorie  su  le  Ticende  del  Yesuyio  (1813-1823).    com  tiibb.  lithogr. 

4to.  NapoU,  1841. 
e  N.  Corelli,  Storia  de  Fenomeni  del  Yesuyio  avyenuti  negli  anni  1821, 1822,  e  1823. 

o.  4  tabb.  Hthogr.    8to.  Napoli,  1823. 
Sdpion  Breielak,  Essais  min^ralogiques  sor  la  Solfatare  de  Pozzuole.    Trad,  da  mscr.  ital. 

par  Fran^.  de  Pommereul.    8to.  Naples,  1792. 
Humboldt,  Ueber  den  Bau  und  die  ^Yirkungsart  der  Yulcane  in  den  TerBohiedenen 

Erdstrichen.    8vo.  Berlin,  1823. 
Sfunmlung  von  Arbeiten   auslandischer  Naturforscher  iiber  Feuerberge  und  yerwandte 
^  Phanomene.    Deutaeh  bearbeitet  yon  J.  Noggerath  u.  J.  P.  Pauls.    Bd.  I.  &  11.    8yo. 

Elberfeld,  1825. 
A.  yon  Ungem  Sternberg,  Werden  und  Sejn  der  yulkanischen  GMnrges.    c.  8  tabb.  8yo. 

Carlsruhe,  1825. 
A.  de  Bylandt  Palstercamp,  CTh^rie  des  Yolcans.    tt  1-3,  et  Adas.    8yo.  &  foL    Paris; 

1835-36. 
C.  W.  Bitter,  Beschreibung  merkwiirdiger  Yulcane :  ein  Beitrag  zur  Physik.  Geschichte  der 

Erde.    Neue  Ausgabe.    8vo.  Breslau,  1847. 
O.E.  A.  Hoff,  Chronik  der  Erdbeben  und  Vulkan-Ausbruche.   Th.  1-4.   8vo.  Gk)tha,  1840. 
Kurtze  und'wahrhafite  Belation,  Yon  dem  erschrecklichen  Erdbeben,  welches  sich  zu  Neapet 

und  benachbarten  Orten,  insonderheit  zu  Beneyent  den  5  Juni  1688  begeben,  s.  1.  e.  a. 

4to.  • 
J.  Nog^erath,  Das  Erdbeben  yom  29  Juli,  1846,  im  Bheingebiet  und  den  benachbarten 

Landem.    Mit  dner  Karte.    4to.  Bonn,  1847. 
L.  Pilla,  Istoria  del  tremuoto  che  ha  deyastato  i  paeei  della  <x>8ta  toscana  il  dl  14  Agosto 

1826.    8vo.  Pisa,  1846. 
J.  Boegner,  Das  Erdbeben  und  seine  Erscheinungen.    Mit  einer  Eiurte  yom  Yorbereitungs- 

bezirk  des  Erdbebens  yom  29  JuH  1846.    8vo.  Frankf.  a.  M.  1847. 
A^^  V.  Humboldt,  Observations  g^oenostiques  et  physiques  sur  les  volcans  du  plateau  de 

Quito.    Ihraduit  de  I'allem.  par  IJ.  Lakume.    Svo.  Paris,  1839. 
T.  S.  Baffles,  Die  Yulkane  auf  Java.    8yo.  1825. 
J.  Steininger,  Die  erloschenen  Yulkane  in  Siidfrankreioh.    Mit  1  Karte  u.  1  Tafel.    8yo. 

Mainz,  1823. 
C.  Thomae,  Der  vulkanische  Boderberg  bei  Bonn.    Mit  einem  Yorworte  von  Noggerath. 

8yo.  Bonn,  1835. 
H.  Abich,  Yues  illustratives  de  quelques  ph^nom^nes  g^ologiques  prises  sur  le  Y^suve  et 

I'Etna  pendant  lee  ann^  1833  et  1834.    o.  10  tabb.  Uth.    Fol.    Paris  et  Strasbourg, 

1836. 
J.  S.  G.  Dinkier,  Abhandlung  yon  denen  natiirlichen  Ursachen  derer  Erdbeben.    Frankf. 

a.  M.  1756. 
0.  V.  K.  (Korber),  Die  Erdbeben :  pnopulare  Analyse  und  Darstellung  ihrer  physikalisch- 

geologischen  Ursachen.    Mit  1  Zeichnung.    8vo.  Wien,  1844. 
Domen.  Tata,  Descrizione  del  grande  inoendio  del  Yesuvio  succeso  nel  Agosto  1779.    8yo. 

Napoli,  1779. 
C.  Gemmellaro,  Bclazione  dei  fenomeni  del  nuovo  vulcano  sorto  dal  mare  fra  la  ooeta  di 

Sicilia  e  Tisola  di  Pantellaria  nel  meee  di  Luglio  1831.    c.  2  tabb.  lith.    8yo.  Catania, 

1831. 
3",  Michell,  Conjectures  concerning  the  Cause,  and  Observations  upon  the  Ph»nomena  of 

Earthquakes,    c.  tab.  »n.    4to.  London,  1760. 
F.  Kries,  Yon  den  Ursachen  der  Erdbeben.    Preisschrift  Heraui^.  von  der  Sooietat  der 

Kiinste  und  Wissenteh.  f.  d.  Provinz  Utrecht.    8vo.  Utrecht  &  feipz.  1820. 
H.  CHrard,  Ueber  Erdbeben  und  Yulkane :  ein  Yortrag  gehalten  im  wissensoh.  Yerein. 

c.  1  tab.   8yo.  Berlin,  1845. 
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J.  Eant,  Q«schichte  und  Naturbeschreibung  der  merkwiirdigsten  Vorf  alien  dee  Erdbebens, 
welcbee  an  dem  £nde  des  17558te8  Jahreis  einen  grossen  Theil  der  £rde  enchuttert  bat. 
4to.  Konigsberg,  1756. 

Sdureiben  d^  Sitter  Ton  Hamilton  an  die  Konigl.  Societat  der  Wissenacbaften  zu  London, 
in  welohem  seine  selbet  angeetellten  pbyaiscben  Beobacbtungen  iiber  das  Erdbeben  in 
Oalabrien  und  Sicilien  mit^theilt  werden.    A  d.  Franc.    4to.  Strasb.  1784. 

fi.  E.  Baspe,  Account  of  some  German  Yolcanos  and  their  Productions,  with  a  new 
hypothesis  of  the  Prismatical  Basaltee.    c.  2  tabb.  an.    8yo.  London,  1776. 

Books  on  Earthquakes  and  Vuleanology  in  the  Gfottingen  University  Lihrary. 

Oposculum  Philippi  Beroaldi  de  Terrsemotu  et  Pestilentii,  cum  annotamentis  Qaleni 

(68  pp.      Little  more  than  the  opinions  of  Aristotle.) 
Das  enchiitterte  imd  bebende  Meissen  und  Thiiringcai,  oder  eine  Beschreibung  des  am 

24  NoTomber,  annoch  seynden  1690  Jahres,  in  Meissen  und  Thiiringen  entstandenen 

Erdbebens,  u^w.  dargestellt.  Yon  Nicolas  Hopp&em,  Pfarrem  zu  Draschwitz,  in  Stifift 

Naumburg.    Leipzig,  1691  (62  pp.     Contains  accounts  of  several  celebrated  Earth- 

quakesV 
Domenici  Bottari,  De  immani  Trinacnss  terramotu,  idea  historico-physica.    Messanw, 

1718  (131  pp.   Mainly  occupied  by  the  opinions  of  the  ancient  philosophers,  Aristotle,  &c.) 
P.  M.  Sfdyatoris  Buffi,  Panormitani,  e  tertio  ordine  S.  Francisd,  De  horrendo  terrsemotu 

qui  contigit  Panormi  nocte  post  Kalend.  Sept.  1726,  tractatus  historicus,  &c.    lipsisD, 

1727  (34  pp.    A  German  tranidation  of  this  memoir  is  bound  up  along  with  it). 
Gionude  e  notizie  de'  tremuoti  accaduti  nella  proTincia  di  Catanzaro,  di  D.  ^drea  de 

Leone,  regio  uditore  di  quel  tribunale.    Napoli,  1783  (67  pp.    Merely  an  account  of 

this  particular  earthquake). 
Bespuesta  a  la  carta  dd  H^  y  'Bff^  Sefior  D.  Fray  Miguel  de  San  Josef,  obispo  de  Gxiadia^ 

LBaza,  del  Consejo  de  S.  Mag.,  sobre  yarios  escritos  a  cerca  del  Terremoto,  par  el  Doct 
.  Josef  Oevallos,  &o,  Seyilla,  1757  (96  pp.  Principally  occupied  by  moral  reflections 
deriyed  from  ear^quakes,  especially  the  great  one  of  Lisbon). 

Memoria  sopra  i  b^muoti  di  Miessina  accaduti  nell'  anno  1783.    Messina,  1784  (66  pp.). 

Naohrichten  Ton  den  !&dbeben  Sud-ItaUens  in  den  letzten  Jahren,  Sendschreiben  an  den 
Herm  K.  W.  G.  Kiisfcner  von  Dr.  Albrecht  von  Schonbere.  Niimberg  1828  (23  pp. 
An  extract  from  Kastner's  Arohiv  fur  die  gesammte  Naturlehre). 

Phjsicalische  Gedancken  von  denen  Ursachen  derer  Erdbeben,  u.  s.  w.  von  D.  Johann 
Gottlob  Lehmann.    Berlin,  1757  (55  pp). 

Des  demidree  Revolutions  du  Globe,  ou  coiyectures  physiques  sur  les  causes  de  la  degrada- 
tion actuelle  des  tremblements  de  terre,  et  sur  la  vraisemblance  de  leur  cessation 
prochaine.  Par  M.  L.  Castilhon,  1771  (269  pp.  An  attempt,  and  apparently  a  very 
weak  one,  to  show  from  various  reasons,  historical  and  physical,  that  earthquakes  were 
gradually  decreasing  in  number  and  violence,  and  would  probably  ultimately  cease 
altogether). 

Dei  Terremoti  di  Bologna:  opusoola  di  D.  Michele  AugustL  Bologna,  1780  (181  pp.  An 
examination  of  the  oonnexK)n  between  "Terremoti"  and  "Aeremoti"  or  meteorological 
phenomena)* 

Le  Mdchanisme  dee  Cieux,  et  erolication  de  la  Nature  des  Tremblemens  de  terre.  ParM. 
Val,  Math6maticien.    Rotterim  et  la  Haye,  1756  (67  pp.). 

Ueber  die  Erdbeben  und  den  allgemeinen  Nebel,  1783.  von  Johann  Ernst  Basihus 
Wiedeburg.    Jena,  1784  (86  pp.). 

.  Bogionamento  del  terremoto  del  Nuovo  Monte,  del  aprimento  di  terra  in  Pozuolo  neU' 
anno  1638.  Per  Piero  GKacomo  da  Toledo.  Napoli,  1539  (28  pp.  Chiefly  in  the 
form  of  a  dialogue,  with  an  odd  old  woodcut  of  the  eruption  in  which  Monte  Nuovo 
was  produced). 

Ddl*  incendio  di  Pozuolo.  Marco  Antonio  dei  Falconi,  all*  illustrissima  Marchesa  della 
Padula.    1538  (41  pp.    With  the  same  woodcut  as  the  last). 

Werden  und  Seyn  dee  vulcanischen  GeMrges.  Empirisch  dargestellt  von  W.  H.  C.  R.  A. 
vontrncem-Stemberg.  Mit  8  Abbildungen.  Carlsruhe,  1825  (320pp.  Chiefly  mino- 
ralogicsl  and  geoWi(»l).  tt  -j  lu      • 

Caiolus  CsBsar  de  Leonhard,  Historia  antiqua  vulcanorum  montium.  Heidelberg, 
1823  (14  pp.  A  short  and  unimportant  umversity  thesis,  referring  only  to  the  ancient 
classical  authors).  ox  j  ■» 

Sohreiben  des  Herm  Ignatz  v.  Bom,  uber  einen  ausgebrannten  Vulkan  bei  der  Stadt  Eger 
InBohmen.    Prag.  1773  (16  pp.    Not  important).  , 

Considerations  sur  les  montagnes  volcaniques :  m^moire  lu  dans  une  stance  de  r  Acad6mie 
fiectonvte  des  Sciences  etSelles Letfcres  de  Mannheim,  le  6  Novembre,  1781.  Par  M. 
Collim.    Mannheun,  1781  (59  pp.). 
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Van  der  Wyck,  Ueberrioht  der  ^lemiachen  imd  Eisaler  erloschenen  Yulkane  tmd  der 

Erhebungs-G^bilde.    Mannheim,  1826  and  1836  (2  edite.  174  pp.     Apparently  a  very 

good  account  of  the  extinct  volcanoes  of  the  district  of  the  Bhme,  between  Cobiens  and 

Bonn). 
Hifltorr  of  the  extinct  Yoloanoes  of  the  Basin  of  Neuwied  on  the  Lower  Rhine.    By  Samuel 

Hibbert,  M.D.,  F.It.S.  Ed.    Edinburgh,  1832  (260  pp.,  with  maps  and  plates). 
Baspe,  BeHarag  lur  alleraltesten  und  naturlichen  Historie  Ton  Hessen,  u.  s.  w.     Cassd, 

1774  (76  pp.    On  ibe  extinct  volcanoes  of  the  neighbourhood  of  OtMeL), 
Baspe,  An  account,  &c.    (A  translation  of  the  last-mentioned.    136  pp.). 
fai:ga8  de  St-Eond,  Min^ralogie  des  voloans.    Fans,  1784  (511  pp.)* 
Ducarla,  Du  feu  souterrain.    Paris,  1783  (64  pp.). 
3ok»  Stsininger,  Die  eriotoheoea  Yulkane  in  der  S^d  und  am  Nieder-rheine.    Mains. 

1820  (180pp.). 

•'— ,  HCeoB  Bdtriige  zur  Qesohiohte  der  rheiniscfaen  Yulkane.   Mains.  1821  ( 1 16  pp.). 

Die  Yulkane  alterer  und  neuerer  Zeiten,  physioalisoh  imd  mineralogisch  betraohtet  von 

Franz  t.  Beroldingen^    2  Th.    Mannheim,  1791  (293  and  406  pp.    Apparently  a  good 

r^sum^  of  what  hM.  been  preriously  written  on  the  subject). 
Karl  Wilhelm  Nose,  Beitrage  zu  den  Vorstellungsarten  iiber  vulkanische  Q^genstiinde. 

Frankfurt  am  Mayn,  1792  (467  ppO- 

— ^-  — ,  Forteetaung  aer  Beitrage,  n.  s.  w.    Frankfort  am  Mayn,  1793  (228  pp.). 

*'*^— ,  Sammlung  einiger  Schriflen  uber  vulkanisohe  Gegenstande  una  den 

Basalt.    Frankfurt  am  Mayn,  1793  (344  pp.). 

C.  N.  Ordinaire,  Histoire  Naturelle  des  Yohmns,  oomprenant  lee  volcans  soumarins,  oeux 
de  boue,  et  autres  phdnomdnes  analogues.  Paris^  1802  (842  pp.  The  subject  discussed 
geolog^oally). 

Besides  many  other  books,  both  on  earthquakes  and  volcanoes,  the  names  of  wfakh  have 
already  besn  obtained  olsewhere. 

Eoyal  Library,  Mufddk, 

Qnndinger  (A.),  Theorie  der  Yolkan.    8vo*  Wien,  1840. 

Kries  (F),  Over  de  Oorsaken  der  Aardberingen.    8vo.  Tltreoht,  1820. 

Krii^er  (T.  G^X  Oedanken  iiber  d.  XTrsaohen  d.  Erdbebens.    8vo.  Halle,  1766. 

Gruithuisen  (Fr.  v.  P.),  Gedanken  iiber  die  Ursachen  der  Brdbeben.    1825. 

Qumpreoht  (T.  E.),  Die  vulkanisohe  Thiitigkeit  auf  d.  Festlande  von  Africa.  Berlin^  1849. 

Royal  Library,  Dresden. 

Oommentatiunoula  de  Terrdnnotu,  pronundata  a  Mariano  Weindriohio  Professure  Phyrfces 

in  Qymnasio  YratisL    YratiBlavi»,  1691. 
Disserfcasione  soiva  le  fisiohe  e  vere  cause  de*  terremoti«  del  Bg.  d&  Sootti  di  Oassano. 

Praca,1788. 

D.  Johann  Oottlob  ErGgers,  G«danken  von  den  Ursaohen  des  Erdbebens^  nebsi  sine 
moralisohe  Betrachtunf .    Halle  und  Helmstadt,  1766. 

A  French  Translation  of  Hales's  Considerations  on  the  Physical  Cause  of  Ihrthmiakes. 
Paris,  1751. 

Historisches  kritisches  Yerzeiohniss  alter  und  neuer  Schriftstelkr  von  dem  flrdbebeil.  Yon 
M.  0.  0.  a.  Sdmeeberg,  1766.  Small^  and  wrath  getting,  if  possible,  for  the  Cata- 
logue of  Authors. 

Ohrutlicher  grundlicher  XTndersioht  von  den  Erdbeben.  Yon  Jdbasm  Burgower  der  Aris- 
neyen  Doctoren  su  Sohaffhausen.    Qedmokt  eu  Zurich,  1667^ 

Kurse  Besdurdbung  des  Erdbebens,  weldies  den  6ten  Febmaif  1783,  Meesma  und  einen 
Theil  Calabriens  betroffen.  Aus  dem  Italienisohen  des  Herm  Michael  Toron.  Niim- 
berg,  1783. 

Die  l^revolutionen,  oder  Beschreibungmid  S^klarung  des  in  Spanien  am  21  Min  1829, 
ansgebrochenen  groesen  Erdbebens.    Yon  B.  A.  E.  W(eyrioh).    Leipsig,  1890. 

Betraditung  uber  die  Ursachen  der  Erdbeben,  1766. 

Conjectures  phyaico-mdcani^ues  but  la  propagation  des  secousses  dans  les  tremUements 
de  terre,  et  but  la  disposition  des  lieux  am  en  ont  ressenti  les  effets.  (Probably  PariiQ 
1766. — ^Yery  remarkable.  He  speaks  of  chains  of  mountains  as  long  levers  communi- 
cating the  volcanic  force  applied  at  one  end  to  the  other,  the  principal  effect  beingfelt  at 
that  other,  as,  when  a  long  row  of  balls  is  struck  at  one  end,  the  last  one  moves.  He  sa^ 
also  that  those  forces  are  not  so  much  felt  in  the  extremities  of  branch  diains,  because 
these  are  composed  of  more  sandy  materials,  which  do  not  tnmsmit  the  sboc^  so  weU. 
There  is  also  much  more  about  the  action  of  sabterranean  bodies  of  w»ter,&o.  The  book 
is  small,  62  pages. 
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Lettre  d*an  eocl4«iastiquo  de  Paris  k  un  ourS  de  proTinoe,  ear  lee  demiers  tremblementf 

de  tenre.    Paris,  1756. 
Lenoni  tre  Bop»  il  tremuoto,  &c.    (No  name.)    Roma,  1748. 
Uuglucks-Chronica  vieler  grausamer  und  erschrecklicher  Erdbeben  Hamburg.     Q^druckt 

bei  Thomas  ron  Wiering,  im  guldenen  A  B  C,  bei  der  Borse,  1092. 
Also  maaj  Abhandlongen  seen  in  other  libraries. 

ITie  Library  at  Oand,  Belcfiwn, 

ffifitoire  des  anciennes  r^yolutions  du  globe  terrestire,  aveo  un  relation  ohronologique  et 

historique  des  tremblements  de  terre  arriv^  sur  notre  globe  depuis  le  (xmmienoement 

de  I'to  Chr^ennejusqu'^  present    1  yol.  8to.    Amsterdam,  1780. 
Dainetus  Sennertus,  Curator  Layiniensis,  Epitome  Naturalis  Sdentias.    Amsterdam,  Jno» 

Rayerstem,  1651.    Terrwmotus  in  part.     1  yol.  12mo. 
Antonii  Ghdatei  Lioiensis,  &c.  Elementorum.    Basiliss,  per  P.  Pemam,  1580.    Tememotus 

in  part    12mo. 
Memoria  sull*  eruzione  del  Vesuyio,  aocaduta  la  sera  de*  15  GKugno  1794.    Di  Sdpiona 

Breislak.    1  vol.  8yo.    Napoli,  1794. 
Journal  historique,  g6ographique,  et  physique  de  toutes  les  tremblements  de  la  terre  nni<* 

yerseUe,  de  1755  jusqu'li  1756.    Par  M. ,  de  TAcad^ie  des  Sdanoes  et  Belles 

Lettres.    8yo,  pamphlet,  sans  nom.    1756. 
X>e  Vesuyiano  inoendio  nuntius,  auctore  Julio  Ceesare  Beoupito,  Neapolitano.   8yo*  Loyani^ 

1639.    Terromotus. 

The  whole  that  occur  in  the  Oatalogue  JtaisonnS  of  Uie  Library  of  ihe 
Royal  Mineralogical  Museum,  Naples, 

[Noie.^Tbere  is  no  classed  Catalogue  of  the  Bo^ral  labrarj  at  the  Musao  Borbonioo^ 
and  it  was  found  impossible  to  procure  any  list  of  the  Earthquake  works  it  maj  possess.] 

Giuseppe  di  Ste£uio,  Bagionamento  intomo  le  cagioni  del  tremuoto.    8yo.  Nap.  1783. 

,  Bdazione  del  tremuoto  del  di  29  Novembre  1732,  ayyenuto  nel  regno  dlNapoU.  8yo. 

, accaduto  in  Napoli,  U  di  5  Giugno  1688.    4to.  Napoli,  1688. 

, del  danno  cagionato  dal  tremuoto  del  di  7  Giugno  1695,  nella  cittA  di  Bagnora, 

Onseto,  e  luoghi  yioino  Eoma  e  Napoli    4to. 
Andrea  de  Leone,  Giomale  e  notizie  dei  tremuoti  aocaduti  I'anno  1783.    Parte  la  e  2da. 

Nap.  1783. 
Alberto  Nota,  Del  tremuoto  ayyenuto  nella  proyinoia  di  S.  Bemo.    Pinerolo,  1832. 
Leopoldo  Pilla,  Istoria  del  tremuoto  che  ha  deyastato  la  oosta  toscana  il  di  14  Agoeto 

18^.    Fig.    8yo.  Pisa,  1846. 
Baldassarre  Swnpinato,  Osseryazioni  su  i  tremuoti.    4to.  Catania,  1818. 
Loao  d'Qrsi,  Deamzione  dei  tremuoti  e  delle  royine  di  Calabria.    4to.  Nap.  1639. 
Andrea  Lombardi,  Cenno  sul  tremuoto  ayyenuto  in  Tito,  il  1  Febb.  1828.    Fotenza,  1829. 
Gotterdo  Zenoni,  Memorie  storico-fisiche  sul  terremoto.    8yo.  Cremona,  1783. 

y  Lezioni  sopra  il  tremuoto.    4to.  Boma,  1748. 

^nazio  de  Partenione,  Descrizione  del  terribile  terrem.  del  8  Febb.  1783.    4to.  Nap.  1784. 
Fivnc.  Antonio  Grimaldi,  Descnz.  dei  tremuoti  aocaduti  nelle  Calabrie  nel  178o.    Fig. 

8yo.  Nap.  1784. 
Gi^niele  Pape,  Bagguaglio  istorico-fiaioo  del  tremuoto  acoaduto  nel  regna  di  Napoli  il  26 

Lugliol806.    SyoTNapoli,  1808. 
Giuseppe  Sayerio  Poli,  Sid  tremuoto  del  26  Luglio  1805.    8yo.  Nap.  1805. 
Tommaao  M<myipiri,  Aooenti  lagrimeyoli  sulle  royine  di  Bostano  pel  tremuoto  della  notte 

del  24  Aprile  1836.    8yo.  Nap.  1836. 
Midiele  Augusti,  Dei  terremoti  di  Messina  e  di  Calabria  dell'  anno  1783.    8yo.  Bologna^ 

1783. 
Deod.  Dolomieu,  Memoria  sopra  i  terremuoti  deUa  Calabria  dell'  anno  1783.     12mob 

Napoli,  1785. 
Nioola  Zupo,  Biflessioni  sulle  cagioni  fisiche  dei  terrem.  aocaduti  nelle  Calabrie  nell*  anno 

1783.    12mo.  Nap.  1784. 
Procopio  €k>linii,  L^ttera  su  i  tremuoti  di  Messina  o  Calabria  del  1783.    12mo. 
Bartolommeo  Gondolfi,  Sulle  cagioni  del  tremuoto.    12mo.  Boma,  1787. 
Francesco  Ferraro,  Memoria  sopra  i  terremuoti  della  Sidlia.    Fig.    8yo.    Palermo,  1823. 
Gioyanni  Bottari,  Lezioni  tre  sul  tavmuoto.    12mo.  Boma,  1733. 
'William  Hamilton,  Behition  des  demiers  trembL  de  terre  arriy^  en  Calabre  et  en  Sicile. 

12mo.  Gendye,  1784. 
^Laanot  Chracas,  Pescrizio  dei  tremuoti  sentiti  in  Boma»  la  sera  del  14  Gen.  e  2  VebU 

ItOd.    4to.  Boma,  1704. 
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From  various  Collections  and  Sources* 

In  the  Leipsic  Book  Catalogue  for  1844,  2nd  part,  page  65,  a  book  entitled  **Die 

Erdbebene,  von  v.  Korber." 
Description  of  a  Scishiograph  or  instrument  for  noting  small  earthquake  shocks  (Memoires 

Historiques  de  TAcademie  Royale  de  Turin)   quotes  TAbW  Caralli,  Lettres  but  U 

M^t^rologie  (Rome,  1785),  Lettre  VI. ;  and  a  periodical  called  '  Antologia,'  nos.  ivi 

&  xvii.,  Kome,  1G85. 
Explication  physique  et  chimique  dee  feus  souterrains,  dee  tremblementa  de  tcrre,  dea 

ouragans,  des  Eclairs,  et  du  tonnerre. — M.  Lemery,  in  the  *  Histoire  et  M6moires  de 

TAcad^mie  Royale  des  Sciences,'  Memoires  pour  1700,  p.  101. 
Nota  (Alb.),  del  tremuoto  awenuto  nella  citta  e  provinda  di  S.  Remo  I'anno  1831.     1 

broch.  in  8vo,  PigneroUe,  1832.     (Extracted  from  the  Catalogue  of  the  library  of  the 
.  Boyal  Academy  of  Belgium.) 

Ragor,  Von  dem  Erdbibem,  ein  grundlicher  Bericht,  u.  s.  w.    Basel,  1578. 
Bemherz,  TerrsmotuB ;  das  ist  griindlicher  Bericht  yon  dem  Erdbeben,  u.  s.  w.    Kumberg, 

1616. 
Ferrara,  Deacrizione  dell'  JEtna. 
Agatio  di  Somma,  Historioo  raoconto  dei  terremoti  della  Calabria  dell'  anno  1638,  fin 

anno  1641.    Napoli,  1641. 
!PVanc.  Ferrara,  Campi  Flegrei  della  Sidlia,  &c.    Messina,  1810. 
Beuther,  Compendium  Tenwmotuum.    Strassburg,  1601. 
Physicalische  Betrachtungen  von  dem  Erdbeben,  besonders  zu  Lissabon.    Frankfort  und 

jjeipzic,  1756. 
Bertrand,  Memoires  historiquea  et  physiquee  sur  les  tremblements  de  terre.    A  la  Haye, 

1757. 
Della  Torre,  Istoria  e  fenomeni  del  Vesuvio.    Napoli,  1755. 
Athans  Kircher,  Mundus  subterraneus. 
A  Chronological  Account  of  the  most  memorable  Earthquakes  from  the  beginning  of  the 

Christian  period  to  the  year  1750.    Cambridge,  1750. 
A.  J.  Buxtorf,  Frediet  bei  Gtelegenheit  des  Erdbebens  zu  Lissabon*    Basel,  1755. 
Michele  del  Bono,  Discorso  sul  I'origine  do'  tremuoti.     Palermo,  1745. 
Lyoosthenes,  Prodigiorum  ao  oetentorum  Chronioon. 
Frytschius,  Catalogus  prodigiorum  ac  ostentorum. 
ffistoiro  des  anciennes  revolutions  du  globe  terreetre.    Amsterdam,  1752. 
Toaldo,  Essai  m^t^orologique,  has  a  small  Catalogue  of  Earth<^uakee  at  p.  270. 
Ji  Memoir  upon  Earthquakes  in  Russia,  by  M.  Philadelphine,  Professor  of  Physica  at 
'  Tiflis. 
Istoria  del  tremuoto  che  da  devastate  i  paesi  della  ooeta  toecana  il  di  14  Agoeto  1846.    Di 

L.  PiUa.    In  8vo  of  226  pages.  Pisa,  1846. 
Rapport  de  Vaseali-Eandi  sur  les  tremblemens  de  terre  du  2  Avril  1808.    (Quoted  in 
*  Perrey's  memoir  on  the  Earthquakes  of  the  Basin  of  the  Danube,  p.  6.) 
Terra  tremens,  die  zittemd  oder  bebende  Erde.    Einfaltig  dooh  klar  und  deutlioher  Bericht, 

was  Erdbeben  seven,  u.  s.  w.,  von  M.  P.  S.  A.  C.    Niimberg,  1670. 
Castelli,  Incendio  del  monte  Vesuvio,  &c    Roma,  1632. 
Sarti,  Sa^o  di  congctture  su  i  terremoti. 
Magnati,  Notizie  istoriche  de*  terremoti  accaduti  ne'  seooli  traaoorsi  e  nel  preaente.   Napoli, 

A  Memoir  of  M.  Keilhau,  on  the  Earthquakes  of  Norway,  in  the  '  Magazin  for  Natur- 

videnskabeme.'    Christiania,  1835. 
A  list  of  Earthquakes  in  Iceland,  in  the  *  Voyage  en  Islande,'  published  under  the  direction 

of  M.  Gaimard,  p.  313. 
Giovanni  Vivenzio,  Istoria  de'  tremuoti  awenuti  nella  provinda  della  Calabria  ulterioro  e 

nella  dtt4  di  Messina  nell'  anno  1783.    Napoli,  1788. 
Fr.  Kriee,  Von  den  Ursachen  dor  Erdbeben.     Utrecht,  1820. 
P.  Merian,  Ueber  die  in  Basel  wahrgenommenen  Erdbeben,  u.  a.  w.    Basel,  1834. 
Ordinaire,  Hist.  nat.  des  voloans. 

DeU'  incendio  fottosi  nel  Vesuvio  16  Dec.  1631.    Napoli,  1632. 
Huot,  Cours  de  Geologic.    Probably  contains  a  good  deal  of  earthquake  information. 
Fr.  Nausea  Blancicampiani  De  prsedpuo  hujus  anni  1528,  apud  Moguntiam  terra  motu 
'  Responsum.    4to.  25  pp. 

Histoire  dee  andennes  revolutions  du  globe.    Amsterdam,  1752. 
Maria  della  Torre.    Storia  e  fenomeni  del  Vesuvio. 
Raspe,  De  novis  insulis. 
DelP  incendio  di  Pozzuolo,  Marco  Antonio  delli  Falconi,  all'  illuBtriadma  jSignoraMarcheM 

della  Padola,  nd  1538.  


Digitized  by  VjOOQ IC 


ON  THE  FACTS  AND  THBOBT  OF  KABTHaUAKE  PHENOMENA.   121 

Bagionamento  del  terremoto,  del  Nuovo  Monte,  dell'  aprimento  di  terra  in  Poosoolo 

nuell'  anno  1538|  e  della  significazione  d'essi,  da  Fietro  Giac.  di  Toledo.    Stamp,  in 

^apoli,  per  Qiov.  Sultzbach,  Alemanno,  a'  22  di  Gennaro  1539. 
Fai^as  St-Fond,  IJee  yolcans  ^teinte  du  Yivarais,  &c. 
Hamilton's  Obaerrationa  on  Mount  VesuTius,  &c. 
GlaodiuB  Alberioa,  De  terres  motu  Oratio,  in  qua  Hybomn  pagi  in  ditione  111.  Beip. 

Sem.  supra  lacum  Lemanum,  per  terras  motum  oppresai,  ni^ria  pauds  attineitur. 

1585. 
Yon  den  erschroklichen  Erdbidem,  was  sich  dem  1,  2,  et  3  Maertren  1584  in  der  Yogthey 

Aden,  den  Herm  yon  Bern  zustandig,  durch  dieee  erscfarokliohen  Erdbidem  b^boa 

imd  zugetragen  habe.     1854. 
J.  Hederid  Oratio  de  honibili  et  insolito  terra  motu,  qui  recens  Austriam  yehementer  oon« 

cussit,  et  aliquot  yidnas  regiones  agitayit.    Hehnfftadt,  1591. 
ZappeU,  Hist,  dell'  inoendio.    C.  J. 
Bern.  Giuliani,  Trattato  del  Yesuvio.    Napoli,  1632. 
Gio.  Batt.  Masooli  x.  libri  de  Yesuyii  inoendio  ezdtato  17  Kalend.  Jan.  1631.    Neimoli, 

1633. 
H.  Pet  Escholt,  Geologica  Norwegica,  or  Bemembrances  concerning  that &c.,  Earth- 
quakes  &c.,  through  the  south  parts  of  Norway,  24th  April,  1657.    Englished  by 

Day.  Collins.    London,  1663.    93  pages. 
Gius.  Macrino,  Trattato  del  Yesuyio.    Napoli,  1693. 

J.  Alf.  Borelli,  Belaadone  intomo  alia  famoea  eruzione  deU'  Etna  del  1669.    Beggio,  1670. 
The  same  in  Latin,  with  this  title : — Historia  et  meteorologia  inoendii  .^Itnoi  anni  1669. 
I>on  Tomaso  Tedesohi,  Belazione  del  nuoyo  inoendio  fatto  de  Mongibello  1669.    Messina, 

1670. 
N.  M.  Messina  di  Molfetta,  BeUudone  dell'  inoendio  del  Yesuyio  nel  1682.    Napoli. 
Bottone^  De  immani  Trinacriss  terrss  motu  idi^  historioo-phys.,  in  qua  non  solum  telluria 

oonoussioneB  tninsactee  reoensentur,  sed  noyissimie  anni  1717.    Messanss,  1718. 
Hopfiaer,  Das  erschutterte  und  bebende  Meissen,  &o.    Leipzig,  1691. 
Catonia  distrutta.    Palermo,  1695. 
Ant.  Bulifone,  Lettere,  nolle  quale  si  da  distinto  ragguglio  dell'  inoendio  del  Yesuyio  ac- 

caduto  d'Ayril  1694,  &o.    Napoli,  1694. 
Pairino,  Suodnta  relazione  dell'  eruzione  del  1696.    Napoli. 
Ant.  Bulifone,  Ck)mi)endio  istorico  de  monte  Yesuyio,  in  cui  si  ha  piena  notizia  di  tutti 

gl'incendi  aocaduti  in  esso  in  fine  a'  15  di  Giugno  del  1698.    Napoli,  1698. 
Gasp.  Parragallo,  Istoria  naturale  del  monte  Yesuyio.    Napoli,  1705. 
Jos.  valetta,  Epistola  de  inoendio  et  eruptione  montis  YesuyiL    A,  1707. 
Seferstein,  Zeitung  far  Geognosie,  G^l.  u«  s.  w.    Weimer. 

Anton.  Foglia,  Istorioo  diMorso  del  gran  terremoto  soooesso  nel  regno  di  Napoli,  &c. 
.    NapoU,  1627. 
Yera  relazione  del  pietoso  caso  sncoesso  nelle  terre  oontenute  nella  proyincia  di  Puglia. 

NapoU,  1627. 
Philosoph.  Ergotzungen,  oder deutliohen  Erklarung  der  Erdbeben.    12mo.  Bremen, 

1765. 
Joh.  Ft.  SeyfSEfft,  Algemeine  Gesohichte  der  Erdbeben.    8yo.  Frankfurt  u.  Leipzio,  1756. 
J.  G.  Boeerus,  De  Tememotu  qui  Italiam  nuper,  primis  anni  1703  mensibus  afflixit.    4to. 

Stettin,  1703. 
Jac.  PhiL  Maraldi,  Obseryations  sur  les  tremblements  de  terre  arriy^  en  Italie  depuis  le 
'    mois  d'Ootobre  1702,  jusqu'au  mois  de  Juillet  1703.    La  Hist,  de  I'Acad.  des  &denoee 

de  Paris,  1704.    Hist.  p.  8. 
D.  Ign.  Sorrentino,  Istoria  del  monte  Yesuyio,  diyisato  in  due  libri,  &c.    Napoli,  1734.     . 
Belazione  del  tremuoto  intesosi  in  questa  oitti  di  Napoli,  ed  in  aloune  proyinde  del  r^gno, 

nd  di  29  Noyembre  1732,  ad  ore  13  e  mezza. 
D.  Frano.  Serao,  Istoria  dell'  inoendio  del  Yesuyio,  aocaduto  nel  meee  di  Maggio  dell'  anno 

1737.    8yo.  Napoli,  1740. 
M.  Alexis  Billiet,  Notice  sur  les  tremblemens  de  terre  de  Maurienne.    M^m.  de  Turin, 

2e86rie,t2. 
Belazione  giomaliera  del  tremuoto  seguito  in  Bai]ga  I'anno  1746,  nel  mese  di  Luglio. 
.    Compilata  dal  dott  F.  TallinuocL    (Communication  of  M.  Pilla  to  M.  Perrey.) 
Oonrcfj^les  on  Earthquakes.    Journal  de  Physique,  an.  10.    Pluyiore. 
Catalogue  des  Tremblements  de  Terre  en  Chine.    Par  E.  Biob.    Ann.  de  Chimie,  3  ser. 

ToL  ii  p.  372. 
Sopra ,  Sur  les  petits  mouyements  apparents  obsery^  dans  les  murs  et  lee  grands  instm- 

ments  d'obseryatoire  de  Modena.    Par  M.  J.  BianohL    4to.  Modena,  1837. 
Ueber  das  Erdbeben  in  den  Bhein,  &a  yom  Feb.  1828,  yon  P.  C.  ISg&a,    Pogg.  Ann.  for 

1828^  part  ii  pp.  15^176.    An  importcmt  memoir. 
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Beather,  Oompendiom  TemBmotuum.    Strassborff,  1601. 

Bernberfs,  Temsmotas.    (A  BegiBter  of  Earthquidces.)    Niirnberg,  1610. 

Dr.  Yinoenzio  Ma^nati,  EarUiquake  of  Naples,  1688. 

Bertrand,  M4m.  hist,  sur  lea  tremblemens  de  terre.    La  Hiaye,  1757. 

Bertholon,  Jour,  de  Phys.,  vol.  xiv. 

yiyetudo,  Istoria  e  teoria  de'  tOTremuoti  aTvenuti  nella  proTinda  della  Calabria,  &c.,  di 

1783-1787.    NapoU,  1788. 
Cotte,  Tab.  Chron.  do  princip.  Fh6nom.  M^t^orologiques,  &c.    Journal  do  Fbys.,  toI.  Ixt. 

No.  IT. 
CATALOaUB  OP  PERREY'S  MEMOIRS. 

The  immense  and  long-continued  seismic  statistics  of  Prof.  Perrcy  are 
scattered  throughout  a  multiplicity  of  Journals  of  various  LoaQied  Societies 
and  elsewhere,  and  many  of  them  with  difficulty  accessible  in  Great  Britain. 

The  author  has,  at  my  request,  favoured  me  with  the  following  complete 
Catalogue  of  his  seismological  labours,  which  it  may  be  serviceable  to  place 
in  a  collected  form  for  reference. 

Pertey  (Alexifl),  Ghronique  seismique.    1  vol.  8to,  MS.    Idre  redaction. 

•— — >  1»  mdme.    9  vols.  4to,  MS. 

1  TremblementB  de  Terre  dans  les  diffiSrents  sidles  et  aux  diffSrentee  ^poques  de 

rann6e.    Compt.  Rend.  1. 12,  p.  1 185-1 187,  21  Juin,  1841. 
J  Recherohes  historiqnes  sur  les  Tremblements  de  Terre  dont  il  est  fait  mention  dana 

les  bistoriens  depuis  le  lYe  ti^e  jusqu'i  la  fin  da  XYHI^e.    Ibid.  1. 13,  p.  899-902, 

2  Nov.  1841. 
,  Recbercbes  sur  les  Tremblements  de  Terre  ressentis  k  rEurope  et  dans  I'Asie  ooci* 

dentale  de  306  4  1800.    Ibid.  t.  19,  p.  64-646,  26  Sept  1842.    Neuf  oahiers  seulement 

m'ont  6t6  remis  au  Secretariat  de  Tlnstitut. 
,  Note  sur  les  Tremblements  de  Terre  aux  Antilles.  Ibid.  1. 16,  p.  1283-1303, 12  Juin, 

1843. 
y  Nouvelles  Recbercbes  sur  les  Tremblements  de  Terre  ressentis  en  Europe  et  dans  les 

parties  acUaoentee  de  TAfrique  et  de  I'Asie  de  1801  k  Juin  1843.    Ibid.  1. 17,  p.  608-62d» 

25  Sespt  1843. 
f  Migmoires  sur  les  Tremblements  de  Terre,  en  France,  ea  Belgique,  et  en  Holknde, 

depuis  le  IVe  Sidde  jusqn'i^  nos  jours.    1843. 
^1  M^moire  des  Sav.  £tr.  et  M^m.  Cour.  de  rAcad^mie  de  Bruxellee,  t.  18i    4to. 

110  pp.  et  2  pL  avee  Suppl.    MS. 

1  le  mdme.    1  voL  4to,  MS.    Idre  redaction  avec  addit.  MS.  de  M.  Quetelet. 

-^-^^  Liste  des  Tremblements  de  Terre  ressentis  en  Europe  pendant  Tann^  1843.    Ibid. 

1. 18,  p.  393-403,  11  Mars  1844. 
""^-f  Notice  sur  lee  Tremblements  de  Terre  ressentis  4  Angers  et  dans  le  D^p.  do  Maine 

et  Loire.    Bull  de  la  Soc.  indusbr.  d' Angers,  i.  15,  p.  172  et  suiv.,  1844.    Tir.  i  part» 

8vo  de  pp.  7. 
*-'—•,  Liste  de  Tremblements  de  Terre  ressentis  ea  Europe  pendant  I'annte  1844.    Aveo 

Supplement  pour  Fannte  1843.    M6m.  de  I'Aoad.  de  D^on,  1843-44,  p.  334-342*  et 

oomorend  1 20,  p.  1444-1452,  12  Mai  1845. 
,  Bur  les  l>eanUements  de  Terre  de  la  P^unsule  Soandinave.    Yovaffee  en  Soandi- 

natie  de  la  Com.  So.  du  Nord.    6div.  Q^g.  pb7s.t.l,  p.409-46a    Tur.&part.    Paris, 

1845.    8vo  de  pp.  65,  avec  Suppl.  MS. 
•-^— ,  BUf  les  T'remblements  de  Terre  dans  le  bassin  du  Rhone.    Ann.  do  la  Soo.  d'Agrie. 

de  ^on,  t.  8,  p.  1845.    Tir.  &  part    8vo  de  pp.  82, 1  pi.  aveo  notes  additionnelles  de 

M.  Fournel,  et  SuppL  MS. 
,  Sur  lee  Tremblements  de  Terre  dans  le  bassin  du  Danube.    Ibid.  t.  9. 1846.    Tir.  k 

pKtt,    8vo  de  pp.  82,  aveo  Suppl.  MS. 
,  Note  tvde  les  Tremblements  de  Terre  en  Alg^rie  et  dans  FAfiique  septentrionale. 

M6m.  de  FAcad.  de  D^on,  1845-1846,  p.  299-^23.     Tir.  k  part.   8vo  de  pp.  24^  avee 

Suppl.  MS. 
,  Sur  les  Tremblements  de  Terre  aux  Antilles.    Ibid.  p.  325-392.    Tir.  k  part.    8vo 

de  pp.  68,  aveo  Suppl.  MS. 
,  Liste  dee  Tremblements  de  Terre  reesentis  pendant  les  amines  1845  et  1846,  aveo 

Supplement  pour.1644,  et  indicative  Sommaire  dee  aatfei  pbenomeiiei  mettodogiquei. 

Ibap.393-479.    Tir.apart.    8vodepp.87. 
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Terrej  (Akns),  Mdmoire  inr  les  TremUemeoott  de  Terre  dam  le  baflon  du  Bliin.  M^m. 
de8  Say.  Efcp.  et  M6m.  Cour.  de  I'Acad.  Boy.  de  Belgique,  t.  19, 1847.  Tir.  i  part. 
4to  de  i>p.  114  et  2  pL,  aTec  SuppL  MS. 

•*-^,  La lune  exeroe-t-elle  une  influenoe  iur  les  TiremblementB  de  Terre?  M^m.  pr^sent^ 
k  FAcad.  dee  Sdenoee,  le  5  Mai,  1847.  Oompt.  Bend,  t  24,  p.  822.  MS.  de  11  pp.  en 
lTol.4to;  Ipl.      •  r  r  FF 

-^ ,  Note  Bor  les  Tremblements  de  Terre  ressentis  en  1861.    Bull,  de  TAcad.  Boy.  de 

Bdmqae,  t  19,  part  1,  p.  35a-^96,  et  Supplement;  Ibid,  part  2.  p.  21-28.     Tir.  k  part. 

J  la  mdine,  ayec  Suppl^ent  pour  les  ann6es  ant^eures.    M^m.  de  I'Aead.  de  Dijon. 

2e 8^.  t.  2,  p.  1-66, 1&2.    Tir.ipart 

,  M^moire  sur  les  rapports  qui  peuvent  exister  entre  la  fr^quenoe  des  tremblements 

detarveetl'dtfedelalune.    Compt.  Bend.  t.  86,  p.  5d7--540,  21  Mars,  1853. 

1  le  m^e,  MS.  original  avec  pi.  et  1  yol.  gr.  in-foL  oontenant  les  tableaux  des  Seooufsee 

.    de  1801  4  1850,  MS. 

,  Note  sur  les  Tremblements  de  Terre  ressentis  en  1852.    BulL  de  TAoad.  de  BeLdaoe, 

t  20,  no.  5,  p.  8^69,  10  Mai,  1853.    Tir.&part.  ^   . 

,  la  mdme,  areo  Supplements  pour  les  ann^es  anterieures*   M^m.  de  TAoad.  de  Diion, 

2e  s^r.  t  2,  p.  7-128.    Tir.  &  part  ^ 

,  "Soite  sur  la  frequence  des  tremblements  de  terre  reiatiyement  au  passage  de  la  lun« 

au  meridien.  Compt  Bend.  t.  38,  p.  16,  2  Jan.  1854.  Ge  MS.  est  relie  ayeo  le  No. 
auquel  i'ai  encore  ^goute  les  tableaux  in^dits  foumis  k  la  Commission  pour  le  Bapport 
de  M.  Blie  de  Beaumont. 

1  Note  sur  les  Tremblements  de  Terre  ressentis  en  1853*    BulL  de  TAoad*  Boy.  de 

Bdgique,  t.  21,  Idre  part,  p.  457-495.    Tir.  A  part 

— ^,  la  mdme,  ayeo  Supplements  pour  les  aimees  anterieures.  Mem*  de  PAoad.  de  Dijon. 
2e  ser.  t  3,  p.  1-55.    tir.  A  part 

" ,  C^raolaare  rdatiye  k  rObseryataon  des  Tremblements  de  Terre,  adressde  k  tons  lea 

y<^rageurs.    Bull,  de  la  Soc.  de  Oeog.,  4e  ser.  t  7,  p.  419^-422,  Juin,  1854.    Tir.  k  put. 

^— — ,  Doeuments  relatift  aitz  Tremblements  de  Terre  du  Ohili,  ayeo  Appendioe  sur  lea 
Tremblements  de  Terre  dans  la  proyinoe  de  la  Plata.  Ann.  de  la  Soa  d'Agria  de 
Lyon,  1854,  2e  ser.  t  6,  p.  324-436.  8yo  de  pp.  206,  ayec  Suppl.  MS* 

,  Note  BUT  les  Tremblements  de  Terre  ressentis  en  1854,  ayeo  Supplement  pour  lea 

annees  anterieures.  Bull,  de  1* Acad.  Boy.  de  Belgique,  1 2^,  Idre  part  no.  6«  p.  &6-572. 
Juinl865.    Tir.  Apart   8yodepp.49.  r  *-  , 

1  Sur  les  Yolcans  et  Solfatares  de  Tile  de  Jaya,  renseignement  puise  dans  les  observa- 
tions reoentes  des  HoUandais.  Oompt  Bend.  1 42,  p.  115-116«  21  Jany.  1837*  Cost 
la  traduction  d'on  article  sur  une  sobataie  prds  de  l|j.  Aray,  par  M.  Benseo,  dont  M. 
Elie  de  Beaumont  n'a  pas  ete  le  nom. 

J  Note  sur  les  Tremolements  de  Terre  ressentis  en  1855,  ayeo  Supplement  pour  les 

ann^es  anterieures.  lere  partie.  Supplement,  BulL  de  TAoad.  Boy.  de  Belgique,  t  23 ; 
2e  part.  No.  7,  p.  23-68,  Juillet  1856. 

,  la  mSme,  2e  wirtie.    Ibid,  t  24;  Ure  part..  No.  1,  p.  68-128. 

,  Eruption  du  Manna  Loir  aox  lies  Sandwich.   Ann*  des  Yoy*  Aout  1856|  p.  199-229. 

Ceat  la  traduction  de  deux  lettres  de  M.  Coan,  suiyie  de  quelques  remarques  sur 
reruptum  du  Yesaye  en  1855. 

,  Bxcursion  sur  quelques  Yolcans  de  Jaya  pendant  Tete  de  1854.    Ann.  des  't'oy. 

Oct.  1856,  p.  36-65.  G'est  la  traduction  de  diyers  extraits  du  Memoire  de  M.  Te^ smann, 
Bibliograpfaie  Scismique.  Mem.  de  TAcad.  de  D^on,  2e  serie,  t  4,  p.  1-112, 1855 : 
1 5,  p.  153-253, 1866. 

y  Sat  les  Tremblements  de  Terre  de  la  Peninsule  Iberique,  Aim.  de  la  Soo.  d'Agrk.  de 

Lyon,  1 10,  1847.    Tir.  k  part    8yo  de  pp.  60,  ayeo  SuppL    MS. 

f  Note  sur  les  Tremblements  de  Terre  ressentis  en  1847.    BulL  de  T  Asad*  de  Belgique, 

1 5,  no.  5, 1848.    Tir.  k  part    8yo  de  pp.  7. 

•-^ — t  la  mdme,  ayeo  Suppl^nsnt  pour  les  annees  anterieures.  Mem.  de  TAoad.  de  Diiotk, 
1847-48.  Tir.  k  part  8yo  de  pp.  48.  Cest  une  2e  edition,  qui  pour  tons  mes  cata- 
logues annuels  est  publiee  dans  lee  Memoires  de  TAoad.  de  D\jon,  et  qui  est  pLuB  com- 
plete que  la  premiere. 

• ^  Memoire  sur  les  Tremblements  de  Teire  de  la  Peninsule  Italique.    Mem.  Cour.  et 

Mem.  des  Say.  £tr.  de  Ijl  Soc.  Belgique,  t.  22.  Tir.  k  part  4to  de  pp.  145,  2  pi.  et 
SuppL  MS.  Lo  mSme  ayait  ete  approuy6  par  TAcad.  des  Sciences  de  Turin  qui 
m*ayait  yote  Timpression ;  yoy.  Notiae  istoricne  dei  layori  della  Olasse  delle  Scienze  nel 
oorso  dell'  anno  1845.    Cette  notice  se  trouye  dans  notre  collection. 

1  le  mdme,  MS.  4to,  avec  Introductions  et  Considerations  inedites. 

^— -,  Doeuments  sur  les  Tremblements  de  Terre  au  Mexique,  et  dana  TAmeiriqiie  Oentnde. 
Ann.  de  la  Soo.  d'^mul.  des  Yo^ges,  1 6,  Se  cab*  1847*  Tir.  k  part  8to  de  pp.  97>  «(; 
BuppL    MS. 
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Perrej  (AlexiB),  Iiutroctions  sar  rObflerration  des  Tremblements  de  Terre.    Ann.  Matter. 

de  France,  1849,  p.  290-311.    Extr.gr.8vo. 
1  Communication  relative  k  mes  recherches  r^trospectivee  sur  lee  Tremblements  de 

Terre,  faite  k  la  reunion  de  la  Soc.  Gttelogique  k  £pinal  le  10  Sept  1847.    Bull,  de  la 

Soo.  G^L,  2e  8^.  t.  4,  p.  1399-1400. 
• ,  Traduction  du  M6moire  de  M.  B.  Mallet,  intitule  Sur  TObflervation  des  Tremble- 
ments de  Terre,  avec  notes  additionnelles  du  traducteur  et  suivie  de  la  liste  des  tremble- 
ments de  terre  en  1848.  Ann.  M6t6or.  de  France,  2e  ann.  1850,  p.  279-300.  Tir.  4  part. 
« ,  Documents  sur  les  Tremblements  de  Terre  et  sur  les  Eruptions  Volcaniques  dans  le 

bassin  de  I'oo^an  atlantique.    M6m.  de  TAcad.  de  D^on,  an.  1847-1848.    Extra  8vo 

de  pp.  67,  aveo  Suppl.    MS. 
^— ,  X^ote  sur  les  Tremblements  de  Terre  ressentis  en  1848.    BulL  de  I'Acad.  Boy.  de 

Bekique,  1. 16,  no.  3, 1849.    Extr.  8vo  de  pp.  8. 
1  la  mdme,  avec  Supplements  pour  lee  ann^  ant^eures.    M6m.  de  T Acad,  de  D^jon. 

Tir.  k  piurt    8vo  de  pp.  48. 
,  Documents  sur  les  Tremblements  de  Terre  dans  le  nord  de  TEurope  et  de  TAsie. 

Ann.  Maffn^t  et  Matter,  du  Corps  des  Ing^nieurs  de  Bussie,  an.  1846,  p.  201-236.    Tir. 

k  part.    St.  Petersbourg,  1849,  gr.  in-4to,  k  2  vol.,  1  pi. 
,  lee  mdmes,  suivis  aune  note  sur  les  Tremblements  de  Terre  en  1848.    Ann.  de  la 

Soo.  d'l^uL  des  Yosgos,  t.  6,  3e  cab.  1848.    Tir.  k  part   8vo  de  pp.  71 ,  avec  Supplement 

MS. 
,  Sur  lee  Tremblements  de  Terre  dans  les  Des  Britanniques.    Ann.  do  la  Soc.  d'Agrio. 

de  Lyon.    2e  s6r.  1 1, 1849.    Tir.  ^  part.    8vo  de  pp.  71,  avec  SuppL    MS. 
,  iNote  sur  les  Tremblements  de  Torre  en  1849,  avec  Supplements  pour  lee  anndes 

1847  et  1848.    BulL  de  T  Acad.  Boy.  de  Belg.  1 17,  no.  3,  1850.    Tir.  k  part    8vo  de 

pp.22. 
^—,  la  mAme,  avec  Supplements  pour  les  annees  anterieures.    Mem.  de  TAoad.  de  Dijon, 

ann.  1850.    Tir.  k  yirt,    8vo  de  pp.  65. 
w— ,  Sur  les  Tremblements  de  terre  dans  la  Peninsule  Turco-helienique.    Mem.  Cour. 

de  Mem.  des  Sav.  £tr.  de  TAcad.  de  Belgique,  t  23,  1850.    Tir.  k  part    4to  de  pp.  73, 

avec  SuppL   MS. 
>— ,  Note  sur  les  Tremblements  de  Terre  en  1850.    Bull,  de  FAcad.  de  Belgique,  1 18, 

no.  4,  p.  291-308.    Tir.  k  part 
f  la  memo,  avec  Supplement  pour  lee  annees  anterieures.    Mem.  de  TAcad.  de  D^on, 

2e  ser.  p.  1-36,  1850.    Tir.  i  part 

,  Sur  les  Trembl^ents  do  Terre  aux  Etats  Unis  et  au  Canada.  Ann.  de  la  Soc-.  d'Emul. 

des  Voflges,  t  7,  2e  cah.,  1850.    Tir.  k  part    8vo  de  pp.  62,  avec  SuppL    MS. 


Desiderata — Hi-understood  Phenomena^  8fc. 

Grent  Sea-  Waves, — Perhaps  the  best  account  that  has  yet  been  given  of  the  phe- 
nomena of  great  sea-waves  (due  beyond  question  to  earthquake  or  volcanic  movement 
of  sea-bottom),  was  communicated  by  Prof.  Bache  to  the  American  Association  for 
the  Advancement  of  Science,  and  was  reprinted  along  with  a  paper  "  On  the  Tides 
of  the  Atlantic  and  Pacific  Ocean,"  in  1856,  in  a  separate  form  by  Prof.  Bache,  at 
New  Haven  for  private  circulation,  from  which  the  following  are  extracts. 

On  the  23rd  of  December,  1854,  a  violent  earthquake  occurred  in  the  neighbour- 
hood of  the  Island  of  Niphon  (Japan),  the  local  sea- waves  of  which  wrecked  the 
RoBsian  frigate  '  Diana,'  anchored  in  the  harbour  of  Simoda.  A  correspondent  of  the 
'New  Yoric  Herald,'  writing  from  Shanghae,  states, — "At  9  a.m.  on  the  23rd  of 
December,  weather  clear,  therm.  72^  barom.  30^,  a  severe  shock  of  an  earthquake 
was  felt  on  board  the  frigate,  shaking  the  ship  most  severely.  The  shock  lasted 
full  five  minutes,  and  was  followed  at  quick  intervals  by  rapid  and  severe  shocks 
for  thirty  minutes."  At  9h.  3m.  a.m.  the  sea  was  observed  washing  into  the  bay 
in  one  immense  wave  30  feet  high,  with  awful  velocity ;  in  an  instant  the  town  of 
Simoda  was  overwhelmed  and  swept  from  its  foundations.  "This  advance  and 
recession  of  the  waters  recurred  five  times  ". . . .  "  by  2h.  30m.  p.m.  all  was  quiet." 
The  log-book  of  the  '  Diana'  states  that  "  the  disturbance  commenced  at  9h.  15m., 
and  that  the  rising  and  falling  of  the  water  in  the  bay  produced  a  sudden  variation 
of  depth  from  less  than  8  feet  to  more  than  40  feet,    llie  frigate  was  by  this  laid  four 
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times  upon  her  side,  once  in  less  than  4  feet  of  water."  Commodore  M.  C.  Peny« 
U.S.  Navy,  states, — "That  the  whole  eastern  coast  of  Japan  seems  to  have  suffer^ 
from  this  calamity.  Yedo  itself  was  injured,  and  the  fine  city  of  Osaka  entirely 
destroyed.  At  3  p.m.  a  fresh  west  wind  was  blowing  at  Simoda.  The  agitation 
of  the  water  and  the  movement  of  the  vessel  had  become  very  slow ;  barom.  29®*87i 
therm.  10*»-6  Reaum.  (=65°-63  Fahr.)." 

From  other  sources  quoted  by  Prof.  Bache,  it  appears  that  on  the  same  day 
(23rd  Dec.),  at  Peel's  Island,  one  of  the  Bonin  Islands,  there  was  also  (the  hour 
not  stated)  a  sudden  wave  rise  of  15  feet  above  high  water,  followed  by  a  recession 
which  left  the  reefs  entirely  bare.  The  tide  continued  to  rise  and  fall  at  intervals  of 
fifteen  minutes,  gradually  lessening  until  the  evening.  Again  on  the  evening  of  the 
25th  of  December  (as  to  which  time  there  is  no  account  of  a  second  earthquake), 
the  water  rose  in  like  manner  12  feet. 

The  United  States  Coast  Survey,  so  ably  superintended  by  Prof  Bache,  possesses 
stations  of  observation  furnished  with  self- registering  tide-gaages,  at  San  Diego, 
San  Francisco  and  Astoria,  on  the  Pacific  Coast;  and  Prof.  Bache  presented  to  3ie 
Association  the  curves  traced  by  those  instruments,  in  which  the  comparative 
heights  and  times,  and  the  mean  neights  and  times  at  San  Francisco  and  San  Diego, 
are  given;  also  the  tidal  curves  for  both,  with  the  abnormal  oscillations  superimposed; 
and  lastly,  three  diagrams,  in  which  the  tidal  level  being  reduced  to  a  horizontal  line, 
the  abnormal  waves  alone  are  shown,  for  Astoria,  San  Francisco  and  San  Diego. 

I  can  only  refer  to  the  original  for  the  full  results  deducible  from  these  valuable 
observations,  and  repeat  here  in  brief  some  of  their  facts  : — 

"  The  San  Francisco  curve  presents  three  sets  of  waves  of  short  interval:  the  first 
begins  at  4h.  12m.  and  ends  at  8h.  52m.,  the  interval  being 4h.  40m. ;  the  second  begins 
at  9h.  35m.  and  ends  at  13h.  45m.,  the  interval  being  4h.  lOra. ;  the  beginning  of  the 
third  is  about  13|h.,  and  its  end  not  distinctly  traceable.  The  crest  of  the  first  large 
wave  of  the  three  sets  occurred  at  the  respective  times  of  4h.  42m.,  9h.  54m.,  and 
14h.  1 7m.,  giving  intervals  of  5h.  12m.,  and  5h.  23m." 

"The  average  time  of  oscillation  of  one  of  the  first  set  of  waves  was  35m.,  one  of 
the  second  31m.,  and  one  of  the  third  about  the  same.  The  average  height  of  the 
first  set  of  waves  was  0'45  foot  on  a  tide  which  fell  2  feet ;  of  the  second  0*19  foot 
on  a  tide  which  rose  3  feet ;  and  of  the  third  0*19  foot  on  a  tide  which  fell  about 
7  feet ;  the  phenomena  occurring  on  a  day  when  the  diurnal  inequality  was  very 
considerable.  The  greatest  fall  of  the  tide  during  the  occurrence  of  the  first  set  of 
waves  was  0*70,  and  the  corresponding  rise  0*60  foot.  In  the  second  set  the  corre* 
sponding  quantities  were  0*30  and  0*20  foot ;  in  the  third  these  waves  would  not  have 
attracted  general  attraction."  There  is  a  general  analogy  in  the  sequence  of  the 
waves  of  the  three  sets,  which  seem  to  mark  them  as  belonging  to  a  recurrence  of 
the  same  series  of  phenomena.  The  series  itself  looks  like  titie  result  of  several 
impulses,  not  of  a  single  one,  the  heights  rapidly  increasing  to  the  third  wave,  then 
diminishing  as  if  the  impulse  had  ceased,  then  renewed  and  then  ceased,  leaving  the 
oscillation  to  extinguish  itself.  If  we  had  a  corresponding  account  of  the  facts  as 
they  occurred  at  Simoda,  the  subject  would  lose  the  conjectural  or  rather  the  in- 
complete character  that  belongs  to  it.  Although  there  is  no  account  of  the  place  of 
origin  of  the  earthquake,  yet  its  violence  on  the  Japanese  coasts  and  its  diminished 
effects  at  Peel's  Island,  as  well  as  the  times  of  arrival  of  the  waves  at  the  Japanese 
and  Pacific  American  coasts,  prove  that  it  must  have  been  beneath  the  sea,  and  not 
far  distant  from  Japan.  "  Five  distinct  waves  in  succession  rolled  in  at  Simoda; 
eight  are  shown  by  the  San  Francisco  gauge,  of  which  seven  were  of  considerable 
height."  It  seems  not  improbable,  although  this  does  not  appear  to  have  occurred 
to  Prof.  Bache,  that  three  of  the  San  Francisco  waves  may  have  been  reflected  waves 
only.  The  highest  wave  at  Simoda  was  estimated  at  30  feet,  at  Peel's  Island  15  feet» 
at  San  Francisco  0*65  foot,  and  at  San  Diego  0*50  foot. 

At  San  Diego,  the  gauge  shows  distinctly  the  same  three  series  of  waves.  The 
first  begins  at  Ih.  22m.  later  than  at  San  Francisco,  correcting  for  difference  of 
longitude,  and  ends  52m.  later.  The  interval  is  30m.  less  than  at  San  Francisco, 
the  oscillations  being  rather  shorter  than  at  the  latter  point.  The  second  begins  at 
54m.  later  than  at  San  Francisco  and  ends  34m.  later.  The  third  begins 
mbout  54m»  later  than  at  San  Francisco.    The  average  time  of  oscillation  of  the 
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Qffst  set  is  31mM  of  the  second  2Qm„  being  thus  respectively  4m.  and  2m.  shorter 
than  at  San  Francisco.  The  average  height  of  the  first  set  of  waves  was  0*17  foot 
lower  than  at  San  Francisco,  and  the  second  as  much  higher.  This  fact,  taken  with 
the  difference  in  the  times  of  oscillation,  induces  Prof.  Bache  (o  suppose  that  the 
difierence  in  the  two  series  was  due  to  interference,  which  is  also  suggested  by  the 
position  of  San  Diego  in  reference  to  the  islands  separating  the  Santa  Barbara  Sound 
from  the  ocean. 

The  difference  in  the  periods  of  tide  on  the  arrival  of  the  waves  at  each  placp 
would  tend  to  jHroduoe  discrepancies.  The  first  series  at  San  Diego  arrived  on  a 
rising  tide  of  4  feet,  while  at  San  Francisco  it  was  upon  a  falling  tide  of  2  feet  The 
second  at  San  Diego  arrived  at  near  high  water»  and  was  chiefly  upon  a  falling  tide 
of  7  feet,  while  at  San  Francisco  it  was  upon  a  rising  tide  of  4  feet. 

The  forms  of  the  waves  accord  remarkably  at  both  stations^ 

The  tide*gauge  at  Astoria  gives  less  instructive  results,  the  bar  at  the  entrance  of 
the  Columbia  River  having  no  doubt  broken  up  and  greatly  reduced  the  waves,  even 
if  they  ariived  at  the  entrance  unbroken.  The  gauge  showed  a  disturbance,  but 
irr^ular  and  confused,  which  was  also  apparently  preceded  by  (other)  unusual 
oscillations  of  the  water ;  and  Prof.  Bache  sees  reason  to  think  that  the  San  Diego 
gauge  indicates  disturbances  of  the  water  of  an  abnormal  character  pretnoui  to  the 
great  earthquake  shock,  as  well  as  following  it  at  intervals  for  several  days.  The 
normal  time  for  high  and  low  water  does  not  seem  to  have  been  disturb^  by  the 
superposition  upon  the  tide- wave  of  the  abnormal  or  earthquake  waves. 

From  these  results  Prof.  Bache  draws  the  following  conclusions  as  to  the  rate  of 
translation  of  the  great  sea*  waves  of  the  earthquake. 

The  latitudes  and  longitudes  of  the  staticms  are ; — 

Lit.  N,  Looff.W.  TIba, 

San  Diego  33  4^  117  1^  7  49 

San  Francisco 37  48  123  26  8  10 

Simoda    ,....  34  40  121  62  14  44 

Hie  distance  from  San  Diego  to  Simoda  is  therefore  4917  nautical  miles,  and  from 
San  Francisco  to  Simoda  4527  nautical  miles.  Assuming  the  first  account  of  the 
disturbance  at  Simoda  at  9  a.m.  or  at  22d.  23h.  44m.  Greenwich  mean  time,  and  the 
first  great  wave  80  minutes  afterwards.  Prof.  Bache  proceeds  to  calculate  the  rate. 
There  appears  to  be  some  typographical  errors  in  the  figures,  which  slightly  affiKt  the 
result  which  he  arrives  at,  viz.  363  miles  per  hour,  or  6*0  miles  per  minute.  Cor* 
recting  the  erroneous  figures,  the  result  would  appear  to  be^ — ^the  first  disturbance  at 
San  Frandsco  was  at  23d,  12h.  22m.,  or  12h.  38m.  after  that  at  Simoda,  and  the 
first  great  wave  at  23d.  4h.  42m.,  giving  the  same  interval  (of  30m.).  The  distance 
and  time  therefore  give  a  rate  of  368  miles  per  hour,  or  5'966  miles  per  minute, . 

Assuming  the  second  account  (9h.  15m.),  the  time  of  transmission  when  reduced 
would  be  12h.  13m.,  and  the  rate  of  translation  370  miles  per  hour,  or  6*20  miles 
per  minute. 

Tlie  San  Diego  observations,  assuming  9h.  Om.  as  the  time  of  transmission  at 
Simoda,  give  Idh.  50m.,  which,  when  reduced,  gives  a  rate  of  translation  of  365 
miles  per  hour,  which  is  almost  identical  with  Uie  corrected  reduction  of  the  San 
Francisco  observations. 

Although  not  directly  connected  with  our  subject,  it  is  interesting  to  state  that 
Prof.  Bache  deduces  flrom  these  results  a  probable  mean  depth  for  the  Pacific  Ocean 
on  the  paths  traversed  by  these  great  sea- waves  of  from  2100  to  2500  fathoms. 
(See  also  Amer,  Joum.  of  Science,  vol.  xxi.  2  ser.  January  1856.) 

I  deem  no  apology  needed  for  this  lengthened  abstract  of  Prof.  Bache's  communi- 
<»tion,  not  only  because  it  is,  up  to  the  present  time,  almost  the  only  record  of 
scientific  pretensions,  of  the  phenomena  of  earthquake  great  sea-waves,  but  as  a 
model  for  those  who  may  be  engaged  in  tidal  observations  upon  British  or 
European  coasts,  of  what  is  needed  to  make  their  results  connect  usefully  with  the 
requirements  of  those  occupied  in  seismical  inquiry.  The  extreme  value  of  self- 
registering  tide-gauges,  and  the  great  importance  of  multiplying  these  round  our 
own  coasts,  and  upon  those  of  our  Mediterranean  and  antipodal  stations,  are  forcibly 
shown  by  the    vemaek   of  Bache^  that  but  for  these  instruments,  the  very 
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oceqrreoce  on  the  North  American  coast  of  these  sea-wa^es,  which  had  traversed, 
the  whole  vast  breadth  of  the  Pacific,  a  distance  equal  to  one-fifth  of  the  earth's 
circumference,  would  have  actually  passed  unnoticed.  Had  there  been  a  competent 
self-registering  tide-gauge  at  Simoda,  we  could  probably  have  fixed  exactly  the  spot 
beneath  the  ocean  at  which  the  earthquake  disturbance  originated. 


There  i$  also  a  class  of  doubtful  great  sea-waves,  for  the  investigation  of  which 
such  self-registering  instruments  would  afford  precious  data. 

It  has  been  many  times  observed  at  various  stations  round  our  own  British  coasts 
(as  well  as  abroad),  that  abnormal  tides  have  occurred,  or  that  solitary  waves  of 
translation  have  reached  the  shore,  at  abnormal  periods,  or  at  uncertain  periods  of 
repetition^  which  could  not  be  conjfounded  with  any  recognized  tidal  phenomena. 

Such  waves  have  veiy  customarily  been  referred  to  earthquakes  for  their  origin  of 
late  years  i  yet  very  many  examples  occur  in  which  there  has  been  no  account  of 
contemporaneous  earthquake,  either  in  the  offing  at  sea,  or  in  any  other  direction. 
And  the  question  arises,  are  such  abnormal  waves  always  to  be  attributed  to  earth- 
quakes (whether  observed  or  uot),  or  may  they  possibly  be  produced  by  some  nodal 
action  or  other  disturbance  far  ont  at  sea  of  waves  of  oth^  classes,  and  if  so,  of  what 
nature  ? 

It  will  be  advantageous  to  adduce  some  examples,  and  the  rather,  as  I  am  enabled, 
through  the  obliging  attention  of  the  Commissioners  of  Public  Works  in  Ireland,  to 
state  one  of  much  interest  and  in  some  detail,  of  which  no  full  account  has  yet 
appeared. 

But  first  we  may  notice  such  an  occurrence  on  the  coast  near  Whitby,  Yorkshire^ 
copied  from  the  York  '  Herald '  of  March  8,  1856,  for  which  I  am  indebted  to  Mr. 
WUliam  Gray  of  York. 

**  York,  Mtreh  8, 1656. 

''  Robin  Hood's  Bay.— On  Sunday  last,  the  2nd  instant,  at  10  a.m.,  the  tide  being 
then  about  two*thirds  flood,  the  following  phenomenon  was  observed : — ^The  rocks, 
which  had  been  bare  just  previously,  were  observed  to  be  completely  submerged. 
The  water  then  fell  back,  and  again  returned,  rushing  with  considerable  force  over 
the  rocks  and  beach.  This  was  repeated  two  or  three  times,  the  water  running  up  a 
moderately  inclined  beach  the  distance  of  thirty  yards. 

"  A  remarkable  phenomenon  of  the  tides  was  observed  at  Whitby  on  the  9nd 
inst.  At  a  quarter  to  ten  o'clock  in  the  morning,  being  an  hour  and  a  quarter 
before  high  water,  the  sea  suddenly  rushed  up  Whitby  harbour,  rising  in  dif- 
ferent places  from  18  inches  to  3  feet,  driving  a  laden  lighter  from  its  moorings, 
and  causing  much  eoinmotion  amongst  the  small  craft.  It  then  receded,  but  was 
followed  by  other  and  similar  waves,  so  that  the  tide  appeared  to  ebb  and  flow  sis 
times  in  the  space  of  little  more  than  an  hour.  A  vessel,  which  was  entering  the 
harbour  at  the  time,  was  alternately  afloat  and  aground  on  her  passage  up,  according 
to  the  level  of  the  water.  About  midnight  of  the  same  day,  the  harbour-officers 
observed  a  recurrence  of  the  event,  and  in  the  first  hour  of  Monday  the  rush  of 
water  appeared  to  be  much  more  powerful  than  on  Sunday  morning.  About  eleven 
o'clock  on  Sunday  night,  Mr.  Tose,  the  harbour-roaster,  having  observed  a  mark 
which  indicates  that  the  tide  was  sufficiently  high  for  a  vessel  then  in  the  roads  to 
enter  the  harbour,  went  up  the  lighthouse  and  lit  the  gas-signal.  On  his  return  to 
the  pier,  he  was  astonished  to  find  that  though  the  tide  ought  to  have  risen  higher, 
it  had  fallen  considerably  below  the  mark.  Being  afraid  the  vessel  would  take  the 
harbour,  he  was  about  to  extinguish  the  light,  when  suddenly  the  tide  rose  far  above 
the  mark  above  referred  to.  At  Staithes  and  Robin  Hood's  Bay,  the  phenomenpn 
was  also  observed.  The  rushes  of  water  resembled  what  are  known  in  some  rivers 
as  '  bores,'  but  on  a  much  larger  scale.  Such  phenomena  often  accompany  sub- 
terraneous disturbances,  and  on  some  occasions  they  have  been  terribly  destructive. 
As  no  earthquake  has  been  felt  in  these  parts  recently,  it  is  difficult  to  account  for 
the  phenomenon,  and  it  can  scarcely  be  referred  to  atmospheric  causes.  It  would 
be  interesting  to  learn  whether  a  similar  occurrence  took  place  on  other  parts  of  the 
poftst.    Dr.  Young,  in  his  '  History  of  Whitby '  (page  793)#  renuurks,  'To  volcanic 
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agency  may  be  ascribed  Ibis  remarkable  pbenomenoo,  that  on  the  17th  Jaly,  1761, 
the  tide  rose  and  fell  at  Whitby  four  times  in  an  hour/  " 

Analogous  phenomena  have  been  observed  at  Pegwell  Bay^  on  the  southern  coast, 
during  the  present  year. 

The  following  documents  refer  to  the  observations  of  such  waves  made  upon  the 
coast  of  Wexfoid,  Ireland,  in  1854. 

The  '  Wexford  Independent/  a  local  journal  of  the  27th  September,  1854,  gives 
the  following  account : — 

"Extraordinary  Phenomenon. — ^We  are  indebted  to  Mr.  William  Campbell,  the 
professional  helmet-diver,  who  has  done  so  much  for  the  improvement  of  the  new  pier 
of  Kilmore,  by  blasting  and  removing  the  rocks  which  impeded  its  entrance,  for  the 
following  account  of  an  extraordinary  phenomenon,  witnessed  there  on  Saturday 
evening,  Sept.  I6th,  1854.  'I  was'  (writes  Mr.  Campbell)  'in  one  of  our  boats 
seeking  after  some  implements,  and  not  looking  seawards,  when,  on  a  sudden,  I  heard 
a  mighty  rush  of  water  against  the  back  of  the  pier,  and  in  a  moment  it  came 
sweeping  round  the  pier-head,  full  3  feet  high  and  abreast.  It  was  within  one  hour 
and  a  hdf  of  low  water  at  the  time.  The  inner  dock  was  crowded  with  the  small 
sailing  craft  of  the  place,  and  quite  dry,  the  tide  being  more  than  four  hours 
on  ebb.  In  less  than  five  minutes  every  boat  was  afloat,  and  we  had  high  water. 
In  five  minutes  more  the  water  ebbed  again  to  the  lowest  spring-tide.  This  was 
repeated  seven  times  in  the  course  of  two  hours  and  a  half.  St.  Patrick's  Bridge  was 
alternately  dry  and  covered  to  the  extent  of  a  mile,  and  the  sea  formed  a  cascade 
from  end  to  end  of  it,  the  influx  appearing  to  come  from  the  east.  At  the  same  time 
the  sea  was  not  by  any  means  rough  nor  heaving.  Standing  on  the  top  of  the 
parapet  wall  of  the  pier,  I  could  descry  two  different  currents  running  parallel,  and 
counter  currents  to  these  quite  visible,  the  discoloured  water  running  east  at  a  rate 
of  ten  or  twelve  miles  an  hour,  and  the  intervening  water  of  the  original  green  hue, 
and  stationary.  These  tide  currents  were  as  far  out  as  the  shore  of  the  Saltee 
Islands.  I  can  only  compare  the  current  to  the  opening  of  a  sluice  gate.  There  was 
no  damage  done  to  any  of  the  craft,  more  than  the  bursting  of  a  few  warps.  Had 
the  occurrence  taken  place  at  the  period  of  high  water,  the  result  would  have  been  the 
complete  overflow  of  the  land  in  the  district,  and  consequent  immense  loss.  We 
have  often  heard  old  people  of  that  place  say  that  on  the  Sunday  after  Lisbon  was 
destroyed  by  the  earthquake  df  November  1,  1765,  the  day  being  remarkably  fine, 
the  sea  at  Kilmore  suddenly  rose  and  fell  in  like  manner.  This  occurrence  the  other 
day  has  been  owing,  no  doubt,  to  some  similar  and  distant  cause.' " 

The  phenomena  alluded  to  in  the  above  paragraph,  from  the  '  Wexford  Indepen- 
dent,' are  not  unknown  on  the  Waterford  coast,  and  are  there  popularly  termed 
'  death  waves.'  It  is  not  very  long  since  two  ladies  had  a  narrow  escape  of  being 
washed  out  to  sea  at  Dunmore,  by  a  sudden  wave,  which  surprised  them  whilst  seated 
at  a  considerable  distance  above  high- water  mark  on  the  beach. 

Repeated  instances  are  on  record  of  such  waves  upon  the  north-east  coast  of 
England  and  upon  the  south-west  coast  of  Ireland,  as  well  as  in  many  other  places 
(see  also  Second  Report,  p.  47-48),  and  even  on  the  east  coast  of  Africa. 

For  the  following,  I  am  indebted  to  the  Commissioners  of  Public  Works,  Ireland  :^- 

"  Office  of  PubUc  Works,  October  19, 1854. 

•'  Sir, — I  am  directed  to  transmit  herewith  a  copy  of  a  report  which  the  Board 
have  received  from  James  B.  Farrell,  Esq.,  County  Surveyor  of  Wexford,  respecting 
an  extraordinary  tidal  phenomenon  at  Kilmore  on  the  coast  of  that  county  on  the 
16th  ultimo.  The  Board  send  this  report,  considering  it  will  be  interesting  to  you, 
on  the  subject  of  earthquakes,  to  which  you  are  giving  your  attention. 

"To  Robert  Mallet,  Esq."  "  W.  Mooney,  pro  Sec.'^ 

"Wexford,  October  10,  1854. — In  compliance  with  the  request  of  the  Com- 
missioners, contained  in  your  note  of  the  22nd  ultimo,  I  forwarded  a  newspaper  in 
which  was  an  account  of  the  tidal  phenomenon  at  Kilmore. 

"  Since  then  I  have  made  inquiries  along  the  coast,  tracing  from  New  Roes  round 
by  Ballyhack,  Arthurstown,  Duncannon,  Hook  Head,  Slade,  Fethard,  Bannow,  and 
on  towards  Carnsore  Point. 

"As  far  as  Bannow  nothing  unusual  was  observed.  The  Coast- Gkiard  near  there. 
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althoagh  one  was,  as  is  customary,  od  the  *  look-out '  at  the  time  of  the  occurrence, 
noted  no  disturbance.  It  appears  to  have  been  perceived  about  two  miles  east  of 
this  station,  near  the  point  indicated  by  the  line  A  on  the  accompanying  map, 
Plate  XIII.,  and  seems  to  have  been  confined  between  thb  and  the  line  B.  At 
'Ballyhealy,'  a  little  further  east,  it  was  not  observed. 

"  From  inquiries  into  the  details  of  the  appearance,  I  learned  from  Mr.  Campbell 
at  Kilmore,  that  six  distinct  ridges  of  water,  about  2  or  3  feet  high,  passed  from  the 
west  towards  the  east,  very  much  discoloured  and  carrying  with  them  large  quan- 
tities of  sea- weed.  There  was  a  considerable  space  between  each  pair  in  which  the 
water  was  of  its  usual  colour,  and  quite  calm,  as  was  the  sea  generally,  there  being 
no  wind  to  disturb  it. 

"  These  ridges  did  not  proceed  m  (broken  ?)  waves,  but  in  continuous  lines,  and 
passed  on  apparently  unchecked,  while  the  tide  rose  and  receded  on  the  shore  within 
them,  which  it  did  seven  times.  It  is  stated  that,  at  the  second  reflux,  the  water  fell 
lower  than  it  was  ever  known  h^  the  residents  there  to  fall  before. 

"  It  would  appear  that  the  ridges  maintained  their  velocity  sufficiently  to  force 
back  the  ebb,  which  flows  rapidly  round  Carnsore  Point  (nearly  three  knots  an  hour) 
unto  they  passed  St.  Patrick's  Bridge,  where  the  ebb-tide  regained  its  motion  west- 
ward in  'the  shape  of  the  '  cascade '  mentioned  by  Mr.  Campbell  in  the  printed 
account. 

"  The  disturbance  lasted,  according  to  his  statement,  from  20  minutes  past  4  to 
nearly  7  o'clock  p.m. 

"  On  inquiring  at  the  '  Bar  of  Lough,'  I  found  that  at  about  half-ebb  the  watch- 
man at  the  Coast-Guard  Station,  who  was  in  the  watchhouse,  which  is  built  on  the 
edge  of  the  sea,  felt  the  flo.or  tremble  under  his  feet,  and  at  the  same  time  the  fire- 
irons  and  other  articles  of  furniture  shook  and  rattled  audibly.  He  was  also  startled 
by  '  an  extraordinary  noise '  outside.  On  going  out  to  ascertain  the  cause,  he  found 
that  a  large  wave  was  forcing  back  the  ebb.  "niis  was  repeated  three  times.  The 
first  wave  only,  however,  was  accompanied  by  noise. 

''  A  schooner  was  lying  inside  the  Lough,  at  the  place  marked  C,  from  the  master 
of  which,  I  learned  that  his  vessel  was  three  times  swung  round,  standing  alter- 
nately to  the  flood  and  ebb.  He  was  below,  when  he  had  the  first  intimation  of  it, 
and  described  his  being  afiected  with  a  strange  sensation,  as  if  he  were  getting  sick. 
This  I  believe  is  not  uncommon  in  cases  of  earthquake. 

"  Mr.  Lett,  R.N.,  the  Coast-Guard  officer  here,  upon  whom  I  called,  made  to  me 
a  statement  confirming  what  I  had  collected  by  inquiry. 

"  There  seems  little  doubt  that  the  whole  thing  wa<)  caused  by  a  slight  shock  of 
earthquake. 

"  From  the  information  I  had  at  Kilmore  from  Mr.  Campbell,  I  have  laid  down 
lines  on  the  accompanying  map,  exhibiting  the  ridges  as  described  by  him,  and 
endeavouring  to  illustrate,  by  the  curved  arrows,  the  action  of  the  ebb-tide  upon 
them.  "  Jambs  B.  Farrell,  Wtotfwd  County  Surveyor." 

"  With  reference  to  the  communication  addressed  to  you  on  the  tidal  action  on 
Wexford  coast,  I  may  mention  that  since  it  was  sent  to  you,  further  information 
shows  that  it  extended  beyond  the  limits  marked  by  Mr.  Farrell,  having,  by  the 
report  of  the  Coast-Guard,  turned  Carnsore  Point :  he  has  written  to  the  Inspect- 
ing Commander  of  the  Coast-Guard,  to  request  he  will  follow  it  up,  and  ascertain 
how  far  north  the  effect  was  observed. 

*' Yours,  dear  Sir,  faithfully, 
"  To  Robert  Mallet,  Esq.  " Jno.  Radcliffb." 

21  Oct.  1854." 

Referring  to  Plate  XIII.,  it  would  appear  probable  that  the  primary  cotidal  line  of 
these  waves  was  about  in  the  direction  C  C  of  the  heavy  dotted  line,  and  that  the 
change  of  direction,  on  approaching  the  shore  about  B,  was  due  to  the  conjoint 
effects,  of  the  meeting  ebb  tidal-stream  round  Carnsore  Point,  of  reflection  at  the 
Saltees,  and  of  inequality  of  bottom  on  reaching  the  inshore  shoal- waters. 

An  almost  identical  train  of  phenomena  occurred  at  the  same  point  upon  the 
Wexford  shore  on  Sunday,  12th  September,  1841.  The  account  is  given  by  Milne, 
"On  British  Earthquakes,"  Edinb.  New  Philos.  Joum.  vol.  xxxvi.  p.  83,  and  copied 
1858.  K 
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from  a  Wexford  newspaper  : — "  The  day  was  misty  and  dark,  wind  S.S.W.  to  S. 
Thunder  heard  at  noon ;  wind  lulled,  and  fog  became  dense.  At  Kilmore,  ten  miles 
south  of  Wexford,  and  directly  opposite  the  Saltee  Islands,  about  noon,  a  number  of 
short,  loud,  smothered  reports  like  cannon  were  heard.  The  tide  had  flowed  consider- 
ably at  the  time,  and  the  fishing-boats  at  the  pier  were  all  afloat,  when,  within  the 
space  of  two  or  three  minutes,  the  water  suddenly  receded  from  the  pier,  and  people 
walked  dry-shod  where  a  little  before  there  had  been  five  to  six  feet  of  water. 
After  a  few  minutes,  again  the  tide  began  as  suddenly  to  return ;  and,  after  re- 
suming its  level,  continued  to  rise  to  high  water  in  the  usual  way.  There  was  no 
extraordinary  commotion,  only  an  increased  surf.  The  sky  cleared  after  thunder 
and  showers." 

The  question,  however,  here  chiefly  in  point  is,  whence  come  these  waves?  what  is  their 
origin  ?  The  direction  of  translation,  on  entering  the  wide  Bay  of  Ballyteague,  here  was 
almost  exactlv  from  the  south-west,  and  if  transmitted  from  a  considerable  distance, 
the  origin  of'^  disturbance  must  have  been  beneath  the  deep  waters  of  the  Atlantic 
Ocean,  and  it  is  scarcely  probable  that  an  earthquake  blow  sufficiently  powerful  to 
have  originated  waves  so  large  after  so  long  a  transmission,  should  have  occurred  and 
not  have  been  generally  felt  in  the  South  of  Ireland,  where  the  hard  and  elastic  cha- 
racters of  all  the  formations  are  so  favourable  to  the  distant  transmission  of  impulses. 
It  is  equally  difficult  to  assume,  as  here  operative,  a  condition  which  upon  coasts 
of  shoal  water  and  encumbered  with  banks  and  bars,  may  unquestionably  originate 
great  sea- waves,  and  which  very  probably  is  actually  the  cause  of  those  of  not  un- 
frequent  occurrence  upon  the  east  and  south-east  coasts  of  England. 

Almost  all  great  submarine  banks  are  constantly  subjected,  at  the  same  time,  to 
aggregation  by  deposition,  and  to  partial  degradation,  by  Uie  sweeping  away  of 
material  along  their  bases  and  flanks,  by  tidal  action,  either  constant  or  at  certain 
periods  of  tide.  Deposition  takes  place  by  vertical,  or  more  or  less  inclined  preci- 
pitation of  suspended  matter ;  Uiis  form  of  degradation,  by  horizontal  removal. 
The  conjoint  effect  b  very  frequently  to  increase  the  steepness  of  the  angle  qf  slope 
of  the  degrading  flank  qf  the  hank,  matter  being  constantly  added  on  top  and  re- 
moved from  lower  down,  and  with  most  energy  at  a  level  intermediate  between  the 
surface-water  and  bottom. 

A  time  arises,  therefore,  at  which  the  angle  of  slope  of  the  bank  is  increased  be- 
yond the  limits  of  repose  of  the  material,  whether  mud,  sand  or  gravel,  or  any  mix- 
ture of  these  ;  and  then  a  great  under- water  slippage  takes  place,  and  a  mass  often 
of  enormous  magnitude  at  once  slides  from  the  top  and  flank  of  the  bank  down  into 
deep  water,  and  spreads  and  levels  itself  out  upon  the  bottom,  to  be  in  its  turn  swept 
away  and  replaced  by  fresh  materials  and  to  give  rise  to  another  slippage.  Thus,  in 
figs.  9  &  10,  if  »,  s  represent  the  surface  of  the  sea,  b,  h  (fig.  9)  the  sea-bottom  in 

Fig.  9. 


^'"^"'^^^ 
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transverse  section  through  the  flank  of  the  bank  in  a  plane  at  right  angles  to  the 
stream  of  abrasion ;  then,  at  the  point  wher^  the  equilibrium  of  repose  of  the  mass 
is  lost,  the  mass  r,  n  slips  and  is  suddenly  transported  from  its  original  position  to 
A,  m.  The  effect  upon  the  surface  of  the  sea>  is  at  the  same  moment  to  originate  a 
positive  and  a  negative  wave,  w  and  v,  whose  crests  shall  more  or  less  approximate 
to  the  general  line  of  the  flank  of  the  bank ;  and  these  will  be  immediately  succeeded 
by  two  solitary  waves  of  translation,  a  greater,  w  (fig.  10),  and  a  less,  v,  whose  mo- 
tions of  translation  will  be  opposite. 
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The  magoitade  of  the  wave  raised  is  dependent  upon  that  of  the  mass  of  solid 
material  that  has  suddenly  changed  its  place,  upon  the  depth  of  water  in  which  the 


Fig.  10. 


slippage  has  occurred,  upon  the  rapidity  of  the  transposition,  and  in  a  minor  degree 
upon  the  form  and  material  of  the  portion  of  the  bank  that  has  slipped.  Where  the 
depth  of  water  is  very  great,  its  effecto  at  the  surface  may  be  quite  insensible  at  the 
place ;  but  when  this  low  broad  flattened  wave  of  only  a  few  inches  becomes  heaped 
up  on  shelving  shores  or  tidal  estuaries,  it  may  then  become  very  apparent,  and 
perfectly  so  to  accurate  tide  gauges.  Where  the  water  is  comparatively  shallow, 
as  it  usually  is  where  large  and  heavy  banks  occur,  there  the  undulatory  effects  on 
tiie  surface,  even  at  the  seat  of  disturbance,  will  be  considerable.  We  have  then 
a  simple  mechanism  abundantly  sufficient  to  account  for  the  occurrence  of  some 
such  abnormal  tide-waves  or  great  sea- waves  as  have  been  noticed  ;  but  while  thus 
a  vera  causa,  is  it  the  cause  of  any  of  those  phenomena  that  have  been  observed, 
and  which  do  not  appear  to  have  been  accompanied  by  earthquakes?  This,  as  well 
as  all  the  hydrodynamic  phenomena  of  such  sea-waves,  I  would  commend  to  the 
careful  attention  of  future  observers.    (See  First  Report,  p.  61.) 


Stoppage  of  Rivers. — Throughout  earthquake  narratives,  nothing  is  more  commonly 
recorded  amongst  the  secondary  phenomena,  than  sudden  derangements  of  the  ordinary 
and  prior  regimen  of  springs,  wells,  and  especially  of  rivers.  Almost  all  such  facts  admit 
of  simple  explanation ;  and  in  the  case  of  rivers,  the  sudden  drying  up  or  stoppage  of 
their  streams,  has  been  most  usually  due  to  sudden  damming  up  by  the  fall  of  €l^ris 
of  rocks  from  precipices,  &c.  across  the  river-beds,  usually  at  narrow  gorges,  where 
the  damming  can  easily  take  place,  and  whence  it  is,  by  the  posterior  rising  of  the 
waters,  afterwards  swept  away  or  gradually  removed  by  floods,  &c. ;  often  also  on  a 
grander  scale,  it  arises  from  the  occurrence  of  great  landslips  (in  countries  of  deep  alluvial 
or  other  little  coherent  formation),  bulging  out  into  the  river-beds,  and  temporarily 
shutting  them  up,  and  either  forcing  the  streams  iuto  new  channels,  or  damming 
them  up  until  the  waters  produce  a  debacle  and  sweep  away  the  obstacle. 

But  not  a  few  cases  are  upon  record  of  sudden  stoppages  in  the  ordinary  supply 
of  water  in  river  streams,  not  known  to  have  been  connected  with  any  earthquake, 
or  with  any  sufficient  and  explainable  cause.  Perhaps  the  phenomena  cannot  be 
more  briefly  set  forth  than  by  transcribing  a  notice  from  '  Chambers's  Edinburgh 
Journal'  for  Jan.  19,  1839,  No.  364.  p.  412  :— 

"  Late  Stoppage  of  Rivers  in  the  South  of  Scotland. — Most  of  our  readers  have 
probably  read  the  accounts  which  appeared  in  the  newspapers  of  a  simultaneous 
stoppage  of  the  rivers  Teviot,  Clyde,  and  Nith,  on  the  27th  of  November  last ;  yet, 
as  many  may  not  have  heard  of  it,  and  few  may  have  paid  to  it  the  attention  which 
it  deserves,  we  are  glad  to  have  the  opportunity  afforded  us  of  bringing  the  circum- 
stance under  the  especial  notice  of  our  readers.  It  has,  we  are  glad  to  And,  been 
taken  up,  as  a  subject  worthy  of  scientific  investigation  ;  and  in  this  we  have  been 
invited  to  assist,  by  endeavouring  to  procure  information  from  any  of  our  readers 
who  may  be  able  to  afford  it.  llie  phenomenon,  it  is  suspected,  is  attributable  to 
some  agent  or  cause  which  bad  acted  over  a  very  extensive  range  of  country,  and 
which,  probably,  produced  similar  effects,  in  many  other  places  besides  the  banks 
of  the  three  rivers  above  specified.  We  trust  that  if  such  effects  were  perceived  by 
any  of  our  readers,  they  will  be  so  obliging  as  accede  to  the  proposal  and  the  request 
with  which  we  conclude  the  present  notice. 

"  On  the  morning  of  Tuesday,  the  27th  of  November  last,  about  six  o'clock,  the 
miller  of  Maxwellheugh  Mill,  situated  on  the  Teviot,  near  its  confluence  with  the 
Tweed,  perceived  a  great  diminution  taking  place  in  the  water  which  flowed  through 
his  mill-course.  At  eight  o'clock  the  water  altogether  ceased  to  flow.  Thinking 
that  the  sluice  had  fallen  down,  or  that  the  cauld  [dam]  had  given  way,  he  went  up 
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to  the  cauld,  and  f  oand,  mach  to  his  sarprise,  that  there  was  hardly  any  water  in 
the  river.  There  were  here  and  there  a  few  pools,  where  there  were  hollows  in  the 
channel ;  but  there  was  no  longer  a  running  stream.  The  channel  continued  dry 
for  four  or  five  hours — after  which  the  water  began  gradually  to  flow,  till  the  waters 
reached  the  same  level  they  were  at  previously.  At  this  place  the  Teviot  is  on  an 
average  about  50  feet  wide,  and  2  feet  deep. 

"  ne  same  phenomenon  took  place  in  the  Nith,  in  the  parish  of  Durrisdeer,  at 
£nterkinefoot.  The  channel  was  so  dry,  that  a  person  could  have  walked  across 
without  wetting  his  stockings. 

"  It  was  observed  also  in  the  Clyde,  a  little  above  New  Lanark.  The  extensive 
cotton- mills  at  that  place  were  for  some  hours  stopped,  in  consequence  of  an  entire 
cessation  of  the  current.  Numbers  of  fish  were  caught  with  the  hand,  and  many- 
persons  walked  across  without  wetting  so  much  as  the  soles  of  their  feet. 

"  The  above  particulars  we  have  taken  from  the  newspapers,  and  we  do  not  vouch 
for  their  perfect  accuracy ;  but  we  have  no  reason  to  doubt  it,  as  the  statements  have 
not  been  contradicted. 

"  It  appears  that  the  same  phenomenon  has  occurred  frequently  before.  In  the 
Teviot,  it  is  known  to  have  occurred  at  least  five  times  between  the  years  1748  and 
1787.  It  happened  also  in  the  Clyde  in  the  year  1787,  and  within  a  few  days  of  its 
occurrence  in  the  Teviot :  and  it  is  remarkable,  that,  in  regard  to  both  of  these  rivers, 
the  part  of  the  channel  where  their  waters  disappeared,  turns  out  to  be  the  very 
place  where  they  disappeared  last  month.  But  there  are  several  other  rivers,  both 
in  £ngland  and  in  Scotland,  where  the  same  phenomenon  has  been  observed  within 
the  last  half-century. 

"  We  feel  satisfied  that  our  readers  will  share  with  us  an  extreme  anxiety  to 
discover,  if  possible,  the  cause  of  this  singular  phenomenon  :  and  we  will  now  ex- 
plain  to  them  in  what  way  they  can  be  instrumental  in  assisting  in  this  discovery. 

"  The  first  object  should  be  to  obtain  a  minute  and  accurate  account  of  all  the 
facts  apparently  connected  with  the  phenomenon,  at  the  places  where  it  was  observed. 
We  are  happy  to  learn  that  steps  have  been  taken  for  this  purpose  by  persons  well- 
qualified  for  such  an  inquiry.  But  as  it  is  just  possible,  that  even  they  may  not  have 
gathered  up  all  the  circumstances  calculated  to  throw  light  on  the  subject,  our  readers 
in  these  quarters  would  do  well  to  note  down,  ere  it  fades  from  their  memories,  any 
thing  particular  which  they  observed. 

"  We  may  now  allude  to  the  different  theories  which  have  been  started  to  account 
for  the  phenomenon,  because  they  will  immediately  show  the  importance  of 
gathering  together  as  many  facts  as  possible.  It  is  by  facts  alone  that  these  theories 
will  be  confirmed  or  refuted. 

"  Some  persons  ascribe  the  phenomenon  to  a  severe  frost  which  occurred  on  the 
morning  of  Nov.  27,  and  which,  it  is  said,  froze  up  the  streamlets  and  springs  that 
supplied  the  rivers  where  the  phenomenon  was  observed.  We  cannot  see  how,  on 
any  philosophical  principles,  the  effect  here  stated  would  follow  from  such  a  cause. 
But,  even  if  it  were  sufficient  to  produce  it,  then  the  same  phenomenon  should  have 
occurred  in  the  Tweed,  the  Jed,  and  all  the  rivers  wheffe  the  frost  reached.  More- 
over, it  should  be  observed  every  winter,  and  it  ought  to  have  been  very  strikingly 
observed  last  winter.  Besides,  the  waters  should,  after  the  frost  gave  way,  have 
risen  considerably  above  their  usual  level>  which,  it  is  said,  was  not  the  case. 

"  We  have  adverted  to  these  inferences  from  the  theory  just  mentioned,  in  order  to 
show  how  its  truth  or  falsehood  may  be  tested ;  and  many  of  our  readers  may  be  in 
possession  of  facts  which  will  supply  this  test. 

"  Another  theory  has  been  proposed,  which,  we  confess,  appears  much  more  pro- 
bable. It  is  suggested,  that  a  fissure  may  have  been  formed  under  or  across  the 
channels  of  the  above  rivers,  into  which  their  waters  found  their  way.  The  current 
would  thus  cease  to  flow  in  its  ordinary  channel  until  the  fissure  closed,  or  was 
filled  up  by  the  sediment  and  water  poured  into  it.  The  fissure  might  be  either  a 
crack  across  the  country,  or  a  local  sinking  of  the  ground.  It  is  well  known  that 
earthquakes  frequently  produce  such  effects ;  and  there  are  few  years  in  which,  in 
some  parts  of  Scotland  and  England,  the  shock  of  an  earthquake  is  not  felt.  When 
the  Clyde  stopped  in  January  1787.  a  rivulet  in  the  parish  of  Strathblane,  in  Stir- 
lingshire, which  drove  a  mill,  also  disappeared.     On  the  same  day,  the  shock  of  an 
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earthquake  was  very  sensibly  felt  in  Glasgow  and  its  neighbourhood.  Whether  or 
not  at  either  of  these  places  any  fissures  were  observed,  into  which  the  streams 
flowed  for  a  time,  we  have  been  unable  to  learn.  That  there  are  fissures,  or  alijn 
(as  the  geologists  call  them),  which  everywhere  intersect  the  crust  of  the  earth,  is  well 
known  to  every  collier  and  miner ;  and  that  there  are  such  fissures  in  that  part  of  the 
channel  of  the  Clyde,  where  its  waters  have  repeatedly  disappeared  (namely,  between 
the  uppermost  fall  and  Corra  Linn),  is  extremely  probable.  It  might  be  thought, 
however,  that,  if  a  crack  was  produced,  sufficient  to  allow  the  waters  of  a  large 
river  to  escape,  it  would  soon  be  discovered.  But  it  is  quite  possible,  that,  after  the 
lapse  of  a  few  hours,  the  crack  might  close  again,  and  leave  scarcely  any  external 
traces  of  its  existence.  Still,  we  cannot  help  thinking  that  some  traces  should  be 
discoverable  ;  and  this  b  just  one  of  the  points  on  which  our  provincial  readers  may 
be  able  to  affDrd  information. 

*'  We  shall  conclude  by  suggesting  one  or  two  points,  to  which,  if  any  of  our  readers 
would  be  so  obliging  as  to  investigate  the  subject,  their  attention  may  be  directed  ; 
and  we  doubt  not,  other  points  will  occur  to  themselves  : — 

"  1.  Have  phenomena,  similar  to  those  which  occurred  in  the  Teviot,  the  Clyde, 
and  the  Nith,  on  the  27th  of  November  last,  been  observed^  on  the  same  day,  or 
about  the  same  time,  in  any  other  rivers  in  Great  Britain  ? 

"  2.  If  so,  at  what  hour  were  they  first  observed,  and  how  long  did  they  continue? 

"  3.  Where  is  the  highest  place,  in  the  course  of  the  river,  where  its  waters  dis- 
appeared? 

"4,  Was  any  crack,  or  fissure,  or  sinking,  or  disturbance  of  the  ground,  visible  at 
that  place  ? 

'*  5.  Was  the  shock  of  an  earthquake  felt,  anywhere,  about  the  period  above 
mentioned  ? 

"  6.  Was  there  much  or  any  ice  on  the  river,  or  its  tributaries,  where  the  aforesaid 
phenomenon  occurred  ? 

"  7.  When  the  water  began  to  flow  again,  did  it  rise  to  a  higher  level  than  it  had 
been  at  previously  ? 

"8.  Is  there  any  appearance  of  a  slip,  fault,  dyke,  or  trouble  in  the  strata,  at  or 
near  the  place  where  the  waters  began  to  disappear  ? 

"  9-  Has  thb  phenomenon,  or  anything  similar  to  it,  been  observed  in  former 
yearH — and  when  ? 

"  We  may  also  repeat  the  queries  3,  4,  5,  6,  7  and  8,  with  regard  to  the  stoppage 
of  the  Teviot,  Clyde,  and  Nidi ;  for  on  the  subjects  of  those  queries  with  regard  to 
the  phenomenon  of  the  27th  of  November,  we  are  as  yet  uninformed." 

See  also  some  analogous  facts  mentioned  by  Perrey  in  his  memoir  "  On  the  Elarth- 
quakes  of  £urope,  and  adjacent  parts  of  Africa  and  Asia,  from  1801  to  1843  " 
(Comptes  Rendus,  Sept.  1843,  last  page  but  one  of  the  memou*).  Most  of  these  phe- 
nomena have  occurred  in  the  winter  and  in  higher  latitudes ;  and  although  there  are 
considerable  difficulties  in  the  way  of  the  frost  theory  of  accounting  for  them,  and  I 
incline  to  the  view  that  it  will  hereafter  be  found  to  be  the  true  one,  yet  there  is 
sufficient  to  induce  the  question — Can  it  be  po$sible  that  partial  or  local  elevations, 
with  or  without  fractures  or  earthquake,  uSae  place  occasionally,  and  to  such  an 
extent  as  to  change  the  levels  of  portions  of  the  earth's  surface,  and  for  a  time 
derange  the  flow  of  rivers,  or  other  such  main  chanDels  of  drainage  ? 

Those  who  embrace  the  views  of  Von  Bnch  and  Humboldt,  &c.,  and  admit  the 
possibility  of  bounoujffU  domes  of  trachyte,  will  be  prepared  to  find  no  difficulty  in 
imagining  such  comparatively  small  surfaces  elevated  and  swollen  up,  by  the  assumed 
elastic  forces  beneath,  so  as  to  produce  new  and  extemporaneous  water-sheds ;  and 
although  I  cannot  join  in  such  views,  the  subject  appears  to  me  worthy  of  more  exa- 
mination at  the  hands  of  Vulcanologists  and  Seismologists. 


NauBea  at  the  moment  of  shock, — This  curious  effect  of  earthquake  shock  upon 
human  beings,  and  if  accounts  are  to  be  credited,  also  upon  some  domestic  animals, 
is  deserving  of  more  attention  than  it  has  yet  received. 

The  fact  itself,  as  respects  human  beings,  admits  of  no  doubt.  I  have  direct 
testimony  of  the  boys  of  a  large  boarding-school  being  suddenly  awakened  at  night 
by  one  of  the  North  American  shocks,  and  the  greater  number  suffering  from  imme- 
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diate  sense  of  nausea,  amoanting  to  vomiting  in  many  cases.  In  the  late  earth- 
quake at  Naples  (Dec.  1857)  many  instances  were  related  to  me  by  the  sofferers. 
The  question  arises.  Is  the  nausea  an  effect  of  the  sudden  disturbance  of  the 
nervous  system  by  alarm,  &c.,  or  is  it  due  to  the  movement  itself,  and  analogous 
to  sea-sickness  ?  There  are  great  difficulties  in  the  way  of  either  solution.  Those 
most  likely  to  suffer  severely  from  nervous  alarm^  do  not  seem  to  be  those  most  usu* 
ally  affected.  The  direct  movements  are  very  generally  too  sudden,  sharp,  and  of 
too  little  duration,  to  admit  of  the  second  explanation.  The  facts,  however,  require 
to  be  more  numerous,  and  to  be  scientifically  collected  and  classified  as  soon  after 
the  occurrence  as  possible,  and  are  commended  to  such  physiologists  as  may  be 
favourably  circumstanced  for  the  observation  in  earthquake  regions. 


Indirect  estmation  of  the  force  due  to  tfie  shock, — In  our  ignorance  of  the  precise 
nature  of  the  originating  impulse,  whether  of  one  or  of  more  than  one  sort,  or  of  the 
degree  of  force  at  the  centre  of  impulse  necessary  to  transmit  a  wave,  sensibly,  to  a 
given  distance  through  the  common  formations  of  the  earth's  crust,  any  trustworthy 
observations,  of  the  distance  to  which  the  very  analogous  blow  produced  by  fired 
mines,  or  other  masses  of  gunpowder,  has  been  sensibly  conveyed,  are  not  to  be 
at  present  neglected.  The  2nd  Report  gives  exact  information  as  to  the  distances  to 
which  such  impulses  from  fired  powder,  even  of  a  feeble  character,  may  be  conveyed 
through  the  worst  conducting  material  (sand),  and  made  instrumentally  sensible. 

I  have  collected  since  that  period  a  few  occasional  notices  of  the  explosions  of 
large  masses  of  gunpowder,  and  of  such  facts  as  may  be  found,  of  the  magnitude  and 
distance  of  the  impulse  conveyed,  which  I  here  transcribe  for  reference.  It  would 
be  very  desirable  that  officers  of  engineers  entrusted  with  demolitions,  or  requiring 
to  explode  very  large  masses  of  powder,  would  endeavour  to  provide  for  obtaining 
observations  as  to  the  precise  radius  of  the  superficial  area  at  which  the  ground 
shock  became  insensible  without  the  aid  of  instruments,  and  that  such  observations 
were  accompanied  by  a  general  account  of  the  nature  of  the  geological  formation, 
and  of  the  physical  features  of  the  country  around. 

"The  Monster  Blast  at  Furness.— The  monster  blast  of  gunpowder  at  Furness 
Granite  Quarry  took  place  on  Wednesday  afternoon,  with  complete  success.  The 
charge  consbted  of  no  less  than  three  tons  of  gunpowder,  and  was  deposited  in  two 
chambers— one  and  a  half  ton  in  each.  The  shaft  was  60  feet  in  depth,  and  the 
chambers  in  which  the  powder  was  placed  were  17  feet  long.  The  charge  was 
ignited  by  a  galvanic  battery,  and  lifted  an  immense  mass  of  rock,  computed  to  have 
been  between  7000  and  8000  tons.  The  flame  belched  out  on  the  seaward  side, 
and  was  well  seen  by  a  large  concourse  of  spectators  from  Inverary,  the  watering 
places  of  the  Clyde,  and  a  party  of  excursionists  from  Glasgow,  on  board  the  '  Mary 
Jane.'  The  report  was  not  loud,  but  deep  and  hoarse,  and  the  ground  in  a  very  wide 
circle  was  strongly  agitated." — Glasgow  Constitutional,  October  5,  1852. 

The '  Journal  de  Turin*  of  the  29th  ult.  has,  under  the  head  of  "latest  intelligence," 
the  following  paragraph  : — "Turin,  11*45  a.m.  Two  successive  shocks  have  been 
felt  like  those  of  an  earthquake.  The  powder  magazine  of  Borgo  Dora  has  ex- 
ploded. The  popiilation  is  hurrying  to  the  scene  of  disaster.  The  rappel  is  being 
beaten.  All  the  faubourg  is  on  fire.  A  barrack  has  fallen  down.  Two  hundred 
deaths  are  spoken  of."— Saunders's  Newsletter,  May  1852. 

It  is  quite  probable  that  both  in  this  case  and  in  that  of  the  magazine  at  Mayence, 
which  subsequently  exploded,  information  might  still  be  obtained  as  to  the  weight  of 
powd^t.to^'tCnd  tne  extreme  distance  to  which  the  shock  was  felt. 

fmprovement  of  the  Port  of  Brest. — The  '  Moniteur  de  la  Flotte '  states  that  M. 
Verrier,  engineer,  charged  with  the  work  of  clearing  away  the  Rose  Rock,  which 
obstructs  the  entrance  of  a  part  of  the  harbour  of  Brest,  called  the  Penfield,  made 
an  experiment  a  few  days  ago,  which  was  perfectly  successful.  One  of  the  convicts, 
covered  with  a  diving-dress,  descended  to  the  rock  at  half-tide,  and  deposited  a  box 
full  of  gunpowder,  to  which  were  fitted  two  gutta-percha  tubes,  also  similarly  filled. 
As  soon  as  the  man  had  come  up,  a  light  was  applied  to  the  tobes,  and  shortly  after 
a  loud  cracking  noise  was  heard,  and  a  large  column  of  water,  with  fragments  of 
stone  and  a  quantity  of  sand  and  mud,  were  thrown  up  to  the  height  of  20  feet. 
The  commotion  was  so  great,  that  the  Bastion  de  la  Rose,  which  stands  near. 
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trembled  to  ita  foondfttioo.  The  mass  thus  moved  has  been  considerable/' — ^Timee, 
April  17th,  1857. 

The  following  is  the  '  Times '  account  of  one  of  the  explosions  at  the  siege  of 
Sebastopol : — 

•"Hiursday,  Aug.  30,  1856. — ^The  whole  of  the  camp  was  shaken  thid  morning 
at  1  o'clock  by  a  prodigious  explosion,  which  produced  the  effects  of  an  earthquake. 
A  deplorable  accident  had  occurred  to  oar  gallant  allies  as  they  were  pursuing  their 
works  with  accustomed  energy.  A  tumbrel,  from  which  they  were  discharging 
powder  into  one  of  the  magazmes  near  the  Mamelon,  was  struck  by  a  shell  from 
the  Russian  batteries,  which  burst  as  it  crashed  through  the  roof  of  the  carriage,  and 
ignited  the  cartridges  within ;  the  flames  caught  the  powder  in  the  magazine,  and, 
with  a  hideous  roar,  14,000  rounds  of  gunpowder  rushed  forth  in  a  volcano  of  fire  to 
the  skies,  shattering  to  atoms  the  magazine,  the  tumbrels,  and  all  the  surrounding 
works,  and  whirling  from  its  centre  in  all  directions  over  the  face  of  the  Mamelon 
and  beyond  it  150  ofllcers  and  men.  Masses  of  earth,  gabions,  stones,  fragments  of 
carriages,  and  heavy  shot  were  hurled  far  into  our  works  on  the  left  of  the  French, 
and  wounded  several  of  oar  men.  The  light  of  the  explosion  was  not  great,  but 
the  roar  and  shock  of  the  earth  were  very  considerable.  The  heaviest  sleepers  awoke 
and  rushed  out  of  their  tents.  The  weight  of  powder  exploded  was  about  seven 
tons,  or  1400  rounds  of  lOlbs.  each." — ^Times,  Sept.  13,  1855. 

The  following  is  part  of  the  French  account  of  Uie  expedition  against  Kertch  :r- 

"  May  26th,  1855. — Fmally,  before  evacuating  Yenikale,  they  blew  up  a  powder 
magazine,  containing  about  30,000  kilogrammes  of  powder :  the  shock  was  so  great, 
that  many  houses  were  destroyed,  and  vessels  anchored  ten  miles  out  at  sea  felt  it 
severely." — *  Moniteur '  quoted  by '  Times,'  June  1855. 

And  the  following  of  the  great  explosion  in  the  camp  before  Sebastopol,  on  the 
15th  of  November  1855  :— 

"  Shortly  after  3  o'clock  on  Thursday  afternoon  the  whole  camp,  from  Inkermann 
to  far  beyond  Cathcart's  Hill,  was  literally  shaken  throughout  every  square  foot  of 
its  area,  by  the  most  tremendous  explosion  that  has  ever  echoed  through  these 
Crimean  hills.  A  greater  quantity  of  gunpowder  itself  may  have  been  exploded  in 
some  of  the  magazines  discharged  for  the  destruction  of  the  buildings  and  works 
after  the  abandonment  of  the  ruined  city  and  fortress;  but  this  is  doubtful,  and 
certainly  there  were  never  fired  at  the  same  time  so  great  a  number  and  variety  of 
deadly  and  explosive  projectiles.  The  force  of  the  blow  from  the  impelled  air,  the 
stunning  noise,  the  flashing  of  the  fire,  the  suffocating  smoke,  arrested  every  reason- 
ing faculty,  and  took  away  all  sense,  save  the  instinctive  impulse  to  fly  from  the 
source  of  evil.  Among  the  regiments  themselves  of  the  light  division,  whether  in 
tents  or  huts,  a  sudden  sensation  was  felt  as  if  of  an  upheaving  of  the  ground,  at  the 
same  time  thst  a  violent  shock  was  experienced  from  the  concussion  of  the  air. 
Almost  instantly  followed  the  load  report  of  the  explosion ;  not  sounding  as  if  a 
single  charge  or  magazine  had  been  fired,  and  without  the  ringing  tone  or  decided 
character  of  a  salvo  of  artillery  j  but  seeming  rather  as  if  a  number  of  magazines  had 
been  discharged,  one  after  the  other,  so  rapidly,  that  all  the  reports  were  blended  into 
one.  As  the  thunder  of  the  first  report  subsided,  its  place  was  occupied  by  the 
sharp  cracking  sounds  of  shells  bursting  high  in  the  air,  the  rush  of  fragments  falling 
to  the  ground,  and  the  loud  bangs  of  shells  which  had  been  scattered  and  were  ex- 
ploding on  all  sides.  Simultaneous  with  these,  almost  from  the  very  commencement, 
was  the  crushing  of  wooden  huts,  splitting  of  timbers,  and  noise  of  falling  glass  from 
the  broken  windows.  The  tents  were  violently  agitated,  and  sometimes  the  cords 
or  poles  were  snapped  asunder.  Then  followed  a  continued  succession  of  minor 
reports,  and  the  roar  of  flames,  and  crackling  of  burning  wood,  as  the  fire  advanced 
and  increased  among  the  huts  and  artillery  stores  of  the  siege  train  d^p6t8.  To  say 
that  it  equalled  in  violence  the  combined  salvos  of  a  thousand  parks  of  artillery 
might  seem  extravagant ;  and  yet  the  simile  would  but  feebly  convey  an  idea  of  the 
volume  of  thundering  sound  tnat  shook  the  earth  for  miles  around,  tearing  down 
the  most  substantial  masonry  and  wooden  huts,  and  levelling  tents  as  by  the  sweep 
of  some  invisible  giant>arm.  I  had  seen  the  explosions  on  and  after  the  8th  of 
September,  which  so  many  pens  have  since  described  ;  but  no  half-dozen  of  them 
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together  would  have  equalled  this  one,  either  in  force  or  sound.  Over  an  area  of 
nearly  half  a  mile  from  the  spot  of  itsoccurrence,  the  air  was  one  huge  column  of  powder 
smoke  and  cast-up  earth,  up  into  and  athwart  which  ignited  or  exploding  shells 
and  rockets  ever  and  anon  darted  and  flashed  by  hundreds,  spreading  destruction  to 
nearly  everything  animate  and  inanimate,  within  a  radius  of  more  than  a  thousand 
yards.  Heavy  siege  guns  were  vnrenched  from  their  carriages  and  thrown  many 
perches  from  where  they  had  been  standing,  whilst  the  carriages  themselves  were 
torn  asunder." — London  Express,  Nov.  29,  1855. 

The  following  notices  of  the  Great  Blast  at  Seaford  Cliff  are  extracted  from 
'  Saunders's  Newsletter'  of  September  15,  1856 : — 

"The  great  explosion  at  Seaford. — There  has  been  a  great  concourse  of  visitors  in 
this  little  town  today  to  witness  the  operation  of  '  blasting,'  by  the  explosion  of 
gunpowder,  an  immense  mass  of  chalk  cliff  from  Uie  heights  down  upon  the  beach, 
there  to  form  a  barrier  which  may  check  the  drifting  of  die  shingle  towards  Beachy 
Head  and  the  east.  The  ground  about  Seaford  for  two  miles  to  the  west  lies  low, 
and  there  is  nothing  to  protect  it  from  the  inroad  of  the  sea  at  high  tides  but  a 
narrow  beach  bank  of  shmgle.  This  barrier  is  becoming  gradually  weaker  in  con- 
sequence of  the  tendency  of  the  shingle  to  drift  away,  and  it  has  become  a  matter  of 
urgent  moment  that  this  should  be  stayed.  Close  to  Seaford,  on  its  eastern  side, 
rises  a  noble  line  of  cliff,  in  some  places  300  feet  high,  and  averaging  above  200.  It 
was  determined  to  project  a  huge  slice  of  the  cliff  on  to  the  beach,  with  a  view 
thereby  to  constitute  a  groin  for  Uie  purpose  of  retaining  the  shingle  and  preventing 
its  leaving  the  bay.  The  operations  have  been  conductml  by  the  Board  of  Ordnance. 
The  spot  selected  is  not  much  above  half  a  mile  to  the  east  of  Seaford.  At  a  height 
of  about  50  feet  above  high- water- mark  there  was  driven  into  the  cliff,  or  excavated, 
a  tunnel  or  gaUery  70  feet  long,  6  feet  high,  5  feet  broad,  ascending  with  a  slope  of 
1  in  3.  At  the  inland  extremity  it  turned  right  and  left  in  the  heart  of  the  cliff, 
above  50  feet  one  way  and  above  60  the  other,  with  a  more  gentle  ascent,  the  two 
smaller  galleries  being  4  feet  6  inches  high,  and  3  feet  6  inches  broad,  and  the  three 
being  in  the  form  of  a  capital  T.  At  the  utmost  end  of  each  of  the  side  or  cross  galleries 
was  a  chamber,  7  feet  cube,  lined  with  wood ;  and  in  each  chamber  a  charge  of  no 
less  than  12,000  lbs.  of  gunpowder  was  deposited  ;  making  the  distance  of  the  centre 
of  the  charge  70  feet  from  the  face  of  the  cliff  towards  the  sea,  and  about  70  feet 
above  high- water  mark.  The  galleries  were  *  tamped,'  that  is,  stopped  up,  with  bags 
of  sand,  and  chalk  in  bags  and  loose,  to  within  50  feet  of  the  mouth,  both  branches 
being  tamped  up,  and  20  feet  down  the  large  gallery.  It  was  not  till  12  minutes 
past  3  o'clock,  that  suddenly  the  whole  cliff,  fdong  a  width  or  frontage  of  some 
120  feet,  bent  forwards  towards  the  sea,  cracked  in  every  direction,  crumbled  into 
pieces,  and  fell  upon  the  beach  in  front  of  it,  forming  a  bank  down  which  large 
portions  of  the  falling  mass  glided  slowly  into  the  sea  for  several  yards  like  a  stream 
of  lava  flowing  into  &e  water.  The  whole  multitude  upon  the  beach  seemed  for  a 
few  moments  paralysed  and  awe-struck  by  the  strange  movement,  and  the  slightly 
trembling  ground ;  everyone  sought  to  know  vnth  a  glance  that  the  mass  had  not 
force  enough  to  come  near  him,  and  that  the  cliff  under  which  he  stood  was  safe. 
There  was  no  verv  loud  report ;  the  rumbling  noise  was  probably  not  heard  a  mile 
off,  and  was  perhaps  caused  by  the  splitting  of  the  cliff  and  fall  of  the  fragments. 
There  seemed  to  be  no  smoke,  but  there  was  a  tremendous  shower  of  dust.  Those 
who  were  in  boats  a  little  way  out  state  that  they  felt  a  slight  shock.  It  was  much 
stronger  on  the  top  of  the  cliff.  Persons  standing  there  felt  staggered  by  the  shaking 
of  the  ground,  and  one  of  the  batteries  was  thrown  down  by  it.  In  Seaford,  too, 
three  quarters  of  a  mile  off,  glasses  upon  the  table  were  shaken,  and  one  chimney  fell. 
At  Newhaven,  a  distance  of  three  miles,  the  shock  was  sensibly  felt  The  mass 
which  came  down  is  larger  than  was  expected ;  it  forms  an  irregular  heap,  apparently 
about  300  feet  broad,  of  a  height  varying  from  40  to  100  feet,  and  running  200  or 
250  feet  or  more  seaward,  which  is  considerably  beyond  low-water  mark.  It  is 
thought  that  it  comprises  nearly  300,000  tons." 

These  meagre  and  most  imperfect  accounts,  as  respects  the  object  here  in  view, 
will  however,  it  may  be  hoped,  direct  future  attention  to  more  precise  observation  of 
the  data  required. 
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Report  on  Observations  of  Luminous  Meteors^  1857-58.  By  the  Rev. 
Baden  Powell, 3f.-4.,F.R./Sf.,F.ft.-4.S.,F.G.S.,  SavilianProfessor 
of  Geometry  in  the  University  of  Oxford. 

During  the  year  which  has  elapsed  since  my  last  Report  to  the  British  Asso- 
ciation, I  have  received  a  considerable  number  of  communications  of  meteor 
observations  from  various  observers,  especially,  as  on  so  many  former  occasions, 
from  Mr.  £.  J.  Lowe,  as  well  as  from  other  friends,  to  whom  I  am  happy  to 
add  on  this  occasion  the  names  of  Dr.  J.  H.  Gladstone  and  Mr.  G.  J.  Symons. 
The  last-named  observer  is  the  only  one  who  has  recorded  any  remarkable 
number  as  seen  at  the  August  period.  He  has  communicated  many  seen 
on  the  lOth  of  August,  1856,  and  a  still  larger  number  o^oti/ the  corresponding 
time  in  1858,  few,  however,  on  the  lOth,  but  a  great  number  on  the  13th.  In 
some  parts  of  England  the  lOth  was  cloudy. 

Of  the  various  theories  which  have  been  proposed  to  explain  the  nature  of 
luminous  meteors,  some  were  alluded  to  in  the  Report  of  last  year.  At  the 
meeting  of  the  British  Association  at  which  that  Report  was  presented,  a  paper 
was  also  communicated  by  Mr.  Daniel  Vaughan,  of  Cincinnati,  U.  S.,  in  which 
he  proposed  another  hypothesis  which  seems  to  have  considerable  claims  on 
our  attention ;  it  has  also  been  given  at  large  in  his  recent  work  entitled 
"  Popular  Physical  Astronomy." 

The  main  principle  of  this  theory  is,  that  the  author  conceives  the  lumini- 
ferons  ether  diffused  through  space,  but  to  obedience  to  the  law  of  gravita- 
tion condensed  round  large  bodies,  in  a  more  intense  degree  in  proportion  to 
their  mass.  Hence  in  our  system  it  is  immensely  condensed  round  the  sun, 
but  feebly  round  the  planets.  When  in  this  state  of  condensation,  it  is  capable 
of  being  acted  upon  so  as  to  produce  the  most  intense  light  and  heat  As 
existing  round  our  earth,  it  can  only  be  sufficiently  condensed  to  produce  such 
effects  by  the  immense  local  compression  arising  from  the  rapid  motion  of 
meteorites.  Hence  their  luminosity,  even  when  far  above  the  atmosphere  ;  but 
on  entering  it,  the  compression  is  so  great,  according  to  the  author  s  calcula- 
tion, as  to  crush  them  to  pieces. 

Tlie  details  of  this  theory  are  given  in  the  Appendix  (No.  1),  by  some 
extracts  from  the  author's  work,  and  also  in  a  letter  addressed  by  him  to  the 
author  of  this  Report,  with  the  view  to  correct  some  misapprehensions  of  the 
theory  which  have  been  entertained. 

In  the  Appendix  (No.  2)  there  is  given  a  statement  which  has  appeared  in 
print,  of  a  very  singular  luminous  phenomenon,  the  nature  of  which  it  is  diffi- 
cult to  conjecture ;  but  it  has  the  appearance  of  being  the  account  of  a  plain 
matter-of-fact  witness,  who  offers  no  comment  or  conjecture.  To  these,  one 
or  two  other  communications  have  been  added. 

List  of  Meteors  observed  up  to  August  1857»  by  G.  J.  Symons,  M.B.M.S., 
at  Camden  Town,  London. 


Date. 

TuDe. 

Mag. 

Direction. 

Track. 

Remarki. 

1855. 
Dec.   13 

30 

h  m 

9  10  p.ni. 

9   Op.m. 

3 
2 

SW.-NW. 
NS.-8B. 

Very  near  the  horizon. 

1858. 
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Date. 

Time. 

Mag. 

Direction. 

Track. 

Remarks. 

1856. 
March  6 

h  m 
9  48  p.m. 

4 

88B. 

// 

June     411    5  p.m. 

3 

ESB. 

>» 

Very  bright  though  smalL 

Aug.     210    8  p.m. 
3   8  10  p.m. 
7   9  48  p.m. 

2 
3 
3 

NW.-B. 
E.-SB. 
E8B.-E. 

-X5t^ 

r  Several  small  ones  not  noted. 

Moved  very  slowly. 
[  Numerous  smaller  ones. 

9 

10  52  p.m. 

2 

fB. 

Train  visible  for  10  seconds. 

11  30  30  p.m. 

n 

WNW. 

Train  visible  for  30  seconds. 

10 

0   8  a.m. 

3 

NB.-NNE. 

0  13  a.m. 

3 

NB.~8. 

^^S:* 

0  15  a.m. 

3 

8B. 

// 

0  18  a.m. 

3 

WNW. 

> 

0  28  50  a.m. 

4 

B. 

Ji 

0  31  a.m. 

2 

B.-8B. 

0  35  a.m. 

4 

B8B. 

? 

0  37  a.m. 

4 

8B. 

^ 

1    1a.m. 

2 

SB. 

^ 

1 10  a.m. 

2 

SB. 

\\ 

1  12  a.m. 

1 

SB. 

^\ 

1  13  a.m. 

4 

B. 

1  18  a.m. 

1 

8B. 

1  22  a.m. 
1  24  a.m. 

1 
2 

Close  to  the 
PolarStarto  S. 

SB. 

.-^ 

Train  visible  for  30  seconds. 

129  a.m. 

3 

8B. 

9    7  p.m. 

9 

N.-8. 

^ 

See  note. 

9  15  p.m. 

3 

8B.-W. 

1^ 

9  18  p.m. 

2 

NB. 

\. 

9  25  p.m. 

4 

B. 

9  28  p.m. 

4 

8. 

9  31  p.m. 

3 

S.-NB. 

9  54  p.m. 

3 

B.-8. 

>sr' 

9  59  p.m. 

3 

B.-8. 

>-•• 

Exactly  similartotheone  preceding 
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Date. 


Time. 


Mag. 


Direction. 


Track. 


Remarks. 


1856. 
Aog.   10 


Sept.  4 
29 
Oct     13 


Nov.     6 

8 
1857. 
April    6 

19 

20 


231 
May  11 
July  14 
15 
24 

25 


26 


h   m 

10    5p.in. 

10  12  p.m. 

9  54  p.m. 

U  48  p.m. 

10  30  p.m. 

10  35  p.m. 

11  0  p.m. 
11    7  p.m. 

10  48  p.m. 

11  28  p.m. 

9  47  30  p.m. 
1    8  a.m. 
9  35  p.m. 
10  10  p.m. 

10  51  p.m. 

11  1p.m. 
11  2  p.m. 
U  15  p.m. 

9  15  30  p.m. 
9  51  50  p.m. 
11    7  p.m. 

10  46  pjn. 

11  34  p.m. 

10  32  pjB. 
10  35  p.m. 
10  49  p.m. 
10  50  p.m. 
10  56  p.m. 
10  56  30  p.m. 
0   4  a.m. 


3 
3 
2 
2 
1 
2 
3 
3 
3 
1 
1 
1 
3 
4 
5 

2 

(Jin 
opp. 

I 
3 
2 
4 
2 


B.-6B. 
NB.-8. 
NB.-8W. 
B8B. 
8.-W. 
N.-S. 
S. 

a. 

8. 

NB.-NW. 

NW. 

S8W. 

B. 
8W. 

B.-srw. 

88B. 

If  .-8. 

MB. 

BNB.-B. 

SB.-B8B. 

8W.-NB. 

Zenith-8sw. 

B. 

8.-N. 

NB.-KW. 

NNW.-8. 

SB. 

NB.-NNW. 

i».-Mirw. 

SB.-lf. 


Across  the  zenith. 


Across  the  zenith. 


/f 


i 


Brilliant  white. 

From  near  «Persei  to  near  9  .White. 

From  near  Arcturus  to  near  Spica 
Virginis. 

Pale  white. 
Across  the  zenith. 

Train  visible  for  15  seconds. 


Very  slow  in  its  movement 

Across  the  zenith,  only  visible  fSmr 

abont  5*". 
Train  visible  for  5  sees. ;  very  rapid. 

Like  Sirius  in  colonr,  but  nearly 
double  its  apparent  brilliancy. 
See  note. 

Across  the  zenith. 


Near  «  Ursse  Minoris. 

Train  luted  5  seconds. 
Train  lasted  2  seconds. 
Train  lasted  5  seconds. 


l2 
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Date. 

Time. 

Mag. 

Direction. 

Track. 

Remarks. 

1857. 
Aug.     1 

h  m 

0    8  10  a.m. 

n 

B8B. 

// 

Moved  very  slowly,  varied  in  lostre. 

0  45  a.m. 

2 

Zenith-NNB. 

/r 

0  46  a.m. 

3 

8K.-8SB. 

ss* 

2 

10    2  p.m. 
10    7  p.m. 

3 
2 

NNE.-NNW. 
NNB. 

From  near  /3  Cassiopeiae  to  near 

Dubbe. 
From  near  y  Cassiopeiaedownwards 

to   8  p.m. 

2 

N.-8. 

^ 

10  20  p.m. 

2 

N.-W. 

^ 

Very  swift 

28 

10  28  p.m. 

3 

N. 

/t 

10  29  p.m. 

4 

W. 

-^ 

10  44  p.m. 

2 

B.-88B. 

^*3N 

10  49  p.m. 

... 

BNB. 

// 

See  note. 

10  55  p.m. 

1 

B.-SB. 

i^ 

Rapid  motion. 

10  59  p.m. 

1 

8B. 

i:^ 

Train  of  white  Ughc 

Additional  Notes. 
1856. 
August  10th,  9^  7°*  p.m. — This  meteor  passed  N.  to  S.,  passing  within  about 
10^  of  the  zenith,  leaving  a  train  of  light  like  luminous  vapour,  which,  in 
spite  of  the  remaining  twilight,  was  visible  upwards  of  a  minute. 

1857. 

July  24th,  1 1^*  34.™  p.m. — Remarkable  for  the  extraordinary  rapidity  of  its 
motion. 

August  28th,  10**  49™  p.m. — This  meteor  appeared  (while  I  was  watching 
the  constellation)  between  the  stars  a  and  y  Cassiopeise,  of  a  light  blue  tint, 
and  apparently  double  the  size  of  Sirius ;  as  it  passed  downwards  it  increased 
greatly  in  magnitude,  assuming  the  appearance  of  an  oval  disc  of  a  bright 
violet  colour,  and  leaving  a  train  of  brilliant  gold-coloured  sparks. 

List  of  Meteors  from  January  to  September  1858. 

Observed  by  G.  J.  Symons,  M.B.^f.S.,  at  27  Queen's  Road, 

Camden  Town,  London. 


Date. 

Time. 

Mag. 

Colour. 

Train. 

Direction. 

1858. 
Jan.  14 

30 
Apr.17 

18 
19 

h   m 

9  19  p.m. 

10  42  p.m. 
9  13  p.m. 

9  14  p.m. 
1    1a.m. 

=2XV 
2 

3 

1 

blue 

green 
yellow 

white 
white 

none 

red  sparks 
none 

none 
none 

Vertically  from  a  pomt  3*"  W.  of  If. 

towards  the  horizon. 
FromMuaca  towards  €  Andromeds. 
From  p   UrssB   Maioris   towards 

eHydne. 
FromvHerculis  towards  «Htrcalis. 
From  «  CoronsB  Borealis  towards 

Spica  Virginia. 
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Date. 


Time. 


Mag. 


Colour. 


Train. 


Direction. 


1858. 
June  1 


h  m  s 
10  24  30  p.] 

10  51  p.m. 

11  50  p.m. 
13 11  23  p.m. 


16 

Jnl728 


31 


Aug.  1 


0  3  a.m. 
9  12  20  p.m. 

10  46  p.m. 

0  26  20  a.m. 

0  42  a.m. 

1  1  50  a.m. 
1    5  ajn. 

0  22  25  a.m. 

0  36  a.m. 
0  39  a.m. 
0  42  a.m. 
0  49  a.m. 
0  59  20  a.m. 

11  47  p.m. 

11  49  p.m. 

11  (M  pju. 

0  4  a.m. 
0  6  a.m. 
0    6  10  a.m. 

0  32  a.m. 
0  35  a.m. 


11  48  p.m. 

11  57  p.m. 

0    9  12  a.m. 

9  41  pjn. 

9  28  p.m. 
11  1  p.m. 
11    1p.m. 


11    7  p.m. 
11  22  p.m. 
11  24  30  p.m. 
1126  10  p.m. 
11  37  p.m. 

11  38  p.m. 
11  42  30  p.m. 
11  44  p.m. 
11  54  p.m. 
9 11  43  p.m. 
1147  p.m. 
1147  10  p.m. 


12i  0   5  40  a.m. 


2 
2 
3 
3 
2 
2 

1 

2 

1 
3 

1 

2 
2 


3 

2 

1 

>1 

2 


variable. 
1 
2 
2 
2 
3 

2 


white 

white 
white 
white 

bine 

white 

white 

white 

duUyelL 

brill,  wh. 

white 
brilLwh. 

yellow 
white 
white 
white 
white 
white 

white 

white 

white 
white 
white 

blue 
white 


whitish 
yellow 

>» 
white 
yellow 
white 
white 
white 


white 
white 
blue 
white 
white 

brilLwh. 

See  Note, 
white 
white 
white 
white 
white 

white 


Prom  7  Bootis  towards  Cor  CarolL    (Very 

slowly.) 
From  y  Serpentis  towards  P  Libre, 
none     Prom  Coma  Berenices  towards  9  Virginia, 
none     Prom  €  Corons  Borealis  towards  Spica  Vir- 

ginis. 
none     From  3^  S.  of  Arctunis  towards  X  Libne. 
broad    From  Z  Ursae  Migoris  towards  r  Bootis. 
none     From  u  Lyrse  towards  «  Ophinchi. 
slight    From  Vega  towards  €  Herculis.    (Swift.) 
none     From  /i  towards  €  Ophiuchi.    (Very  slow.) 
alight    From  Altair  towards  r  OphiachL    (Swift.) 
none     From  e  Aquilae  towards  9  Herculis. 
visible  for  From  y  Draconis  towards  •  Corone  Borealis. 
(Very  swift.) 
Prom  P  Cygni  towards  «  Ursae  Majoris. 
From  M  HerouUs  towurds  Arcturus. 
From  X  Bootis  towards  Cor  CarolL 
Prom  P  Cygni  towards  e  Urse  Maoris. 
From  ft  Herculis  towards  Corona  Borealis. 
From  9  Herculis  towards  q  Ursae  Mijoris. 

(Rather  ftiint.) 
Prom  p  Draconis  towards  y  Bootis.    (Very 

bright.) 
From  y  Draconis  towards  q  Coronas  Borea- 
lis.   (Swift.) 
Prom  e  Herculis  towards  d  Ophiuchi. 
Prom  p  Cygni  towards  e  Delphim. 
From  Altair  towards  Scutum    Sobienski. 

(Rapid.) 
From  9  Draconis  towards  y  Serpentis. 
From  y  Ophiuchi  towards  p  Herculis.  (Un< 
dulating  course.) 


5  seconds 
none 
none 
none 
none 
none 
none 

none 

none 

ndne 

none 
long  and 
brilliant 

white 

none 


none 

slight 
none 
none 
none 
none 
none 


none 

none 

wh.  train 

vis.  7  sees, 

none 

none 

none 
none 
none 
none 
none 

none 


From«UrsaeMigoristowardsx  Ursae  Mijoris. 

Prom  f|  Cygni  towards  w  Draconis.  (Fdnt.) 

From  r  Herculis  towards  €  Ursae  Majoris. 

From  d  Cassiopeiae  towards  Capella. 

From  Capella  towards  Castor. 

From  a  point  10**  N.  of  Vega,  at  an  ansle  of 
about  SO*'  with  the  horizon,  and  before  it 
had  disappeared  (certainly  within  2  se< 
conds),a  small  one  crossed  it  in  the  oppo- 
site dUection,  but  at  a  similar  angle. 

Prom  u  Herculis  towards  y  Serpentis. 

From  Vega  towards  m  Ophiuchi. 

Prom  <  Herculis  towards  m  Herculis. 

From  1^  Cygni  towards  y  Ophiuchi. 

From  i  Aquilae  towards  Corona  Borealis. 
(Paint.) 

From  9  Draconis  towards  i  Bootis. 

Prom  Cor  Carol!  towards  Coma  Berenices. 

Prom  •  Draconis  towards  Arcturus. 

Prom  p  Cygni  towards  •  Ophiuchi 

From  X  Herculis  towarda  p  Ophiucht 

From  V  Draconis  towards  /i  Bootis. 

From  V  Draconis  towards  /» Bootis.  (Exactly 
in  the  same  track  as  the  forc^ing.) 

Prom  P  Cygni  towards  Taurus  Poniatowski. 
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REPORT — 1858. 


Date. 

Time. 

Mag. 

Colour. 

Train. 

1858. 

far  m  8 

Aug.  12 

0  17  30  a.m. 

2 

^hite 

none 

From  VeKa  towards  P  Ophinchi. 

From  Z  Ursae  Migoris  towards  Coma  Bere- 

nices. 
From  P  Herculis  towards  •  Serpentis. 

0  20  EJn. 

3 

^hite 

none 

0  21  20  «.m. 

2 

white 

none 

0  24  30  a.in. 

1 

white 

none 

Fromy  Ophiuchi  towards  Scutum  Sobienski. 
From  IT  Herculis  towards  u  Herculis. 

0  33  a.m. 

>1 

white 

none 

0  38  a.m. 

2 

white 

slight 

From  ti  UrssB  Majoris  tovrards  Arcturas. 

0  41  20  a.m. 

2nd  and 

yellow 

none 

From  y  towards  ilr,      ^^ 
then  turned  towards      (    )    y^. 
IT    Bootis.     (Very      ^    .A 

thenlst. 

slow.)                                  )hM€$nm9 

0  49  30  a.m. 

1 

white 

none 

From  •  Draconis  towards  y  Bootis. 
From  y  Draconis  towards  Corona  Borealis. 
Prom  P  Capricomi  towards  ir  SagittariL 

0  53  10  a.m. 

1 

white 

none 

0  55  35  a.m. 

>2xl8 

t  green 

none 

13 

0  30  30  8.m. 

2 

white 

none 

From  ff  Cygni  towards  e  Aquilas. 

0  34aJD. 

3 

white 

none 

From  €  Herculis  towards  v  Serpentis. 

0  36  30  a.m. 

2 

white 

none 

0  37  40  a.m. 

>1 

white 

slight  in 
the  mid- 
die  of  its 
track,  but 
fading  at 
both  ends 

Ftom  c  Herculis  towards  p  Coronse  Borealis. 

0  41  30  a.m. 

3 

white 

none 

From  y  Lyne  towards  v  OphiuchL 

0  50  30  a.m. 

3 

white 

none 

0  55  a.m. 

1 

blue 

slight 

From  6  Cygni  towards  «  Lyne. 

0  58  30  a.m. 

>1 

white 

none 

Prom  1**  S.  of  Vega  towards  17  Serpentis. 

1    1  10  a.ro. 

2 

white 

none 

From  •  Cassiopeitt  towards  r  Cygni. 

1    7  30  a.m. 

I 

white 

none 

From  6  Pegasi  towards  p  Aquarii. 

1    7  45  a.m. 

2 

white 

none 

From  p  Aquilse  towards  I  Sagittarii.  (Very 
slow.)                                                     1 
From  p  Aquilae  towards  I  Sagittarii. 

1  10  30  a.m. 

2 

white 

none 

1  1130  a.m. 

2 

white 

none 

From  t  Cygni  towards  e  Cygni. 

From  p  Draconis  towards  5^  below  Vega. 

1  12  35  a.m. 

3 

white 

none 

1  15  30  ajn. 

2 

white 

nonev 

From  «  Draconis  towards  Corona  Bornlis. 
(Faint) 

From  3*'  N.  of  Vega  towards  «  Coronae  Bo- 
realis. 

From  K  Cygni  towards  9  Herculis. 

1  18  30  a.m. 

-? 

green 

none 

9  55  p.m. 

1 

white 

sUght 

9  57  p.m. 

3 

white 

none 

From  9  Cygni  towards  «  Aquils. 

10    8  p.m. 

3 

white 

none 

Prom  «  Persei  towards/3  Andromedv.  (Slow.) 

10  12  p.m. 

1 

white 

none 

From  ft  Ursse  Majoris  towards  Aictunis. 

10  17  p.m. 

2 

white 

none 

From  y  LyrsB  towards  «  Herculis. 
From  Polaris  towards  Z  Aurigse. 

10  19  p.m. 

2 

white 

none 

10  20  p.m. 

2 

white 

none 

Prom  r  Herculis  towards  €  Bootis. 

10  22  p.m. 

1 

white 

none 

From  3**  W.  of  y  Ursae  Maoris  towards 
Coma  Berenices. 

10  24  p.m. 

1 

white 

none 

From  /I  Cassiopeia  towards  Mirach. 

10  45  p.m. 

3 

white 

none 

10  48  p.m. 

2 

white 

none 

From  e  Draconis  towards  Corona  Borealis.  1 

10  55  p.m. 

1 

white 

none 

From  ^  Cygni  towards  <  Aquilae. 
From  y  Draconis  towards  p  Herculis. 

10  57  p.m. 

2 

white 

none 

10  59  p.m. 

3 

white 

none 

Prom  ^  Ophiuchi  towards  6  Ophiacbi. 

11    0  p.m. 

2 

white 

none 

From  between  Vega  and  y  Draconis  towards 
/i  Herculis. 

11    1p.m. 

1 

white 

none 

Prom  i  Bootis  towards  Coma  Berenices. 

11    2  p.m. 

1 

red 

vis.  for  4- 

From  y  Ursae  Minoris  towards  Cor  Caroli. 

11    5  p.m. 

1 

white 

none 

From  9  Cygni  towards  r  Herculis. 

11  10  p.m. 

1 

white 

none 

From  y  Ursse  Minoris  towards  Corona  Bo- 
realis. 

1132  p.m. 

variable. 

See 

Note. 

From  K  Draconis  towards  Cor  Caroli. 
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Dste. 

•nmc 

Mag. 

Colomr. 

Train. 

Direction. 

1858. 

h  m 

Aug.  13 

1137p.iD. 

4 

white 

uone 

From  p  Ursae  Minoris    towards    Polaris. 
Extraordinarily  brilliant ;  I  never  saw  so 
smaU  an  object  give  so  much  light. 

11  48  p.m. 

2 

white 

none 

From  d  Persei  towards  Pleiades. 

14 

0    0    5  a.m. 

4 

white 

none 

From  •  Persei  tovrards  9  Aurigas. 

0   0  15  a.m. 

1 

white 

vis.  for  3' 

Prom  Pohuis  towards  Castor. 

0   7  a.in. 

3 

white 

none 

From  d  Cassiopeiae  towards  i  Persei. 

0  17  10  a.m. 

1 

white 

slight 

Prom  7  Persei  towards  y  Draconis. 

0  19 1.01. 

1 

white 

none 

Rrom  p  UrssB  Migoris  towards  X  Ursae  Ma- 

0  23  a.m. 

1 

white 

none 

joris. 
Fromy  Ursae  Minoris  towardsiyUrssB  Mijoris. 

16 

9  20  pjn. 

2 

white 

none 

From  tf  UrssB  Migoris  towards  r  Bootis. 

9  33  p.m. 

>  1 

white 

vivid  wh. 

From  •  Cygni  towards  u  Aquiln. 
From  d  Lyras  towards  p  Ophiuchi. 
From  f|  Pegasi  towards  •  Pegasi. 

10  44  p.m. 

2 

white 

vivid  wh. 

10  47  p.m. 

1 

white 

long 

10  51  p.m. 

3 

white 

none 

From  <  Pegasi  towards  /S  Lyne. 

17 

0  47  a.m. 

1 

white 

none 

From  Polaris  towards  •  Ophinchi.    No  va- 
riation in  brilliancy  throoghoat  its  coarse. 

0  49  a.m. 

2 

white 

none 

From  •  Cygni  towards  e  Aquilae. 

Smaller  Mereors  were  observed  on  every  clear  evening  between  August  Ist 
and  17th,  and  numbered  from  20  to  SO  per  hour  on  the  8th,  Uth,  and  12th. 


Additional  Notes  on  the  Meteors  of  August  Sth  and  ISth. 

August  Sth,  11^  42"  SO*  p.m. — This  meteor  (which  was  the  finest  of  the 
period),  when  first  seen,  appeared  the  size  of  a  star  of  the  first  magnitude  ; 
after  passing  somewhat  obliquely  for  about  5^  and  in- 
creasing in  size,  it  suddenly  threw  off  a  shower  of  in- 
tensely brilliant  green  sparks,  and  at  the  same  instant 
disappeared ;  just  as  the  sparks  were  fading  away,  it 
reappeared  about  S°  lower,  of  a  pale  pink  colour,  and 
much  larger  than  before ;  af^er  passing  about  4^  further, 
it  assumed  a  globular  form  and  instantaneously  disap- 
peared. At  this  time  its  apparent  diameter  was  between 
5'  and  6'.  The  accompanying  sketch  b  copied  from 
the  original  in  the  Observation  Book.  It  must,  how- 
ever, be  understood  that  the  appearances  were  really 
fit  succession. 

August  ISth,  11^  S2°»  p.m. — This  meteor  was  remark- 
able for  varying  from  considerably  brighter  than  a  first 
magnitude  star  to  less  than  a  fourth  at  intervals  of 
about  T". 


^ 
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RBPORT — 1858. 


Older  Observations  by  E.  J,  Lowe,  Esq., 


Date. 


Hour. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  Sparks. 


Velocity  or 
Duration. 


1853. 
Oct.   31 

Nov.     1 


2 

7 
1854 
Aug.  16 


h  m 
8  20 

8  30 

8  40 

8  50 

9  25 

12  30  a.m 

12  31   a.m 

8  57  p.m 

8  25 

9  14 


Small,  3rd  mag. 
2nd  size,  of  1st  mag.* 
Similar............ 

2nd  size  Saturn 
=slst  mag.* , 


Colourless 


Yellow . 
YeUow. 


Blue,  increased 
in  brilliancy. 
Blue 


Streamers * 

Long  train  

Tiain   

Broke  into  separate  balls. 
Train    


=to  Saturn 

Similar 

=»2ndmag.*  

3  times  size  of  '4 


YeUow. 
YeUow. 
Bluish  . 


TaU 

Tail 

Stream  left  , 


1st  mag.*.< 


More  orange  in 
colour  than 

Orange 


Without  streak,  but  broke 
into  two  balls  and  dis- 
appeared. 


Rapid  

Slow,  duratton   1^ 

sec 
Rapid  

Duration  2  seca.  . . 

Duration  1  sec.    •. 

Medium  pace 

Medium  pace 

Duration  0*5  sec... 

Duration  1^    see. 
slow. 


Slow. 


Observations  of  Luminous  Meteors, 


1857. 
Sept  16 11    3 


29 


Oct.     8 


I  — 2nd  mag.*  Blue 


11    3    2 


10  14  30 


In  theeven< 
ing* 


==2nd  mag.* 


s6  times  1^.  From 
the  moment  it  be- 
came visible  it  in- 
creased rapidly  in 
size  until  it  was  «  6 
times  diameter  of 
2^ ,  disappearing 
suddenly  when  at  its 
maximum  bright- 
ness. 


Blue. 


Intense    blue, 
very  bright. 


2nd&3rdmag. 


Streak, 


Streak  , 


No  streak  left  after  the 
meteor  had  vanished. 
No  noise  heard. 


Slow,  duration  0*6 
sec. 

Slow,  duration  0*5 
sec 

Duration  1^  sec; 
moved  over  11° 
of  sky. 
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not  inserted  in  former  Catalogues. 


Direction  or  Altitude. 

General  remarks. 

Place. 

Observer. 

Reference. 

Perpendic.  down  from  under  y 

Pegan. 
From  y  Pisdnm  to  n  Aqoarii... 

Perpendic  down  from  /5  Dcl- 
phinL 

Aurora  Borealii  ... 

Beeston  

B.  J.  Lowe 

Mr.  Lowe's  MS. 

Ibid. 

Id 

Ibid. 

Ibid. 

Id 

Ibid. 

Moved  horizontally  towards  N., 
passing  near  Capella. 

Ibid 

Id 

Ibid. 

Perpendic  down  passing  imme- 
diately thnmgfa  Castor. 

Ibid. 

Id 

Ibid. 

rhroQgfa  «  to  y  Arietis 

Ibid. 

Id 

Ibid. 
Ibid. 

Perpendic.  down  throng  Bigel 
Prom  «  to  •  Ursae  Majoris 

Prom  Si  14»»  54".  decL  H^  N. 

Ibid 

Id 

Aurora  Borealis  ... 
From   8^  tiU  10^, 

Ibid. 

Id 

Ibid. 
Ibid. 

Ibid 

Id 

to  Si  W^b^r,  decL  7^40^ 

lightning  in  N. 

S.,  fisding  away  near  )  Librae. 

tVcrots  the  same  Dath...^ 

ihiil 

Id 

Ibid. 

by  E.  J.  Lowe,  Esq.,  1857-58. 

Passed  through  m  Pegasi  »nd  fell 
downwards  towards  the  E.  at 

Hiffhfield  House 
Observatory. 

B.  J.  Lowe 

M  S.comrounication 
to  Prof.  PowelL 

an  angle  of  45^ 

This  stuted  at  n  Pegasi,  and 
followed  the  same  track  as 

Ibid 

Id 

Ibid. 

to  be  connected 

the  last  meteor. 

with  the  last. 

N.,  passing  2*"  B.  of  the  star 

Ibid 

Id 

Ibid. 

«  Urw  Midoris  and  2^  15'  B. 

of  /3  Ursae  Migoris,  disappear. 
inR  3^  below  and  2*15^^8.  of 
iSUnae  Majoris. 

V     V      1      //    ^ 

W  1  i/y 

The  preceding  edge  was  drcolar 

^o\l//x 

and  well-^efini^  but  in  every 

X^^'^v^ 

other  direction  it  ended  in 

long  streaks  of  light  not  un- 

like  streams  of  Aurora  Bore- 

k 

slis  in  form,  yet  very  like 

f 

dectric  liffht  in  brightness. 
A  lunar  halo  and  faint  Aurora 

i 

Y 

Borealis   at    the   time,  the 

temperature  dl'^'S,  wind  S., 

and  ahnost  calm ;  clouds  few 

cirri  orerhead,  with  a  white 

•trstus  in  the  valley. 

Several  meteors  ... 

Ibid. 

Id 

Ibid. 
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REPORT 1858. 


Date. 


Hour. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  Sparks. 


Velocity  or 
Duration. 


1857. 
Nov.  13 


h  m 
7  59 


-  2^  in  size  and  bright- 
ness. 


Greenish  . 


Burst  into  three  balls,  and 
left  a  streak  behind. 


Duration  3    ac 
motion  alow. 


23 


Dec     7 


19 

1858, 
Feb.     7 


In  evening. 
11  37  45 


Twice  the   size   and 
twice  the  brightness 

of  n. 


Yellowish,  the 
streak  being 
a  milky-wh. 


In  evening. 


Leaving  a  streak  behind  in 
its  path,  which  was  very 
brilliant,  and  which 
lasted  nearly  5  minutes 
after  the  meteor  itself 
had  vanished. 


10  59 

11  10 

8    3 


6  25 
8  11 


'  1st  mag.*... 
=  lst  mag.*.., 

s2nd  mag.* 


Bluish  , 
Bluish  , 


-2nd  mag.*  , 

»in  size  to  Saturn., 


Colourless 


Colouriess    .. 
Blue 


Leaving  a  train 

Separate  sparks  left  behind 


April    9 


In  evening. 


SmaU 


10 

May  31 

July  21 
Sept  12 


2    0  a.m. 


=2nd  mag.* 


11  30 

11    0 

8  29  30 
8  30    0 


—ith  apparent  dia* 
meter  of  ([. 


Colourless  un- 
til met  by  a 
coruscation, 
and  then 
golden  and 
brighter. 

Bine , 


stwicesize  '4 


Colouriess  .. 


—4  times  size  of  1st 
mag.* 
4  times  size  of  1st 
mag.» 


Exceedingly 
brilliant. 

Exceedingly 
brilliant. 


Leaving  a  streak. 


Train 


Burst  into  fragments  . 


No  train 


Leaving  a  long  train  in  its 

track. 
Leaving  a  lengthy  train  in 

its  path. 


Rapid ;  duration  of 
ftlling  throngfa 
20''  of  space  only 
0-2  sec 


Rapid 
Rapid 


Duration  0*3  sec.. 


Rapid  

Slow,   duration   2 


Medium  rate 


Instantlydisi^pear- 
ed. 


Slow.. 


Duration 0*8  sec.. 
Duration 0*8  sec.., 
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Direction  or  Altitude. 

General  remarks. 

Place. 

Observer. 

Reference. 

MoTcd  from  •  Pegasi  to  Jupi- 
ter, burst  into  tbree  balls, 
which   fell    perpendicularly 
down. 

Hiffhfield  House 
Observatory. 

Ibid. 

E.  J.  Lowe 

Id 

to  Prof.  Powell. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 

Mr.  Lowe's  MS. 

Ibid. 
Ibid. 

Several  meteors  ... 

The  colour  of  the 
meteor  different 
to  that  of  the 
streak.  Aurora 
Borealis  at  the 
time. 

Manymeteor8,e8pe- 
dally  about  11 
o'clock. 

Pell    almost     perpendicularly 

W.,  starting  from  a  position 
about  2f*  perpendicularly  un- 
der Japiter,  and  falling  20^ 

Ibid. ,., 

Id 

Ibid 

Id 

Passed  throuffh  Ursa  Maior    . . . 

Ibid 

Id 

Geminomm. 
Shot  horizontally  across  fi  Arie- 
tis  from  the  direction  of  Ju- 

Fdl  down  throuirb  Aries    

Ibid 

Id 

Ibid 

Id 

Ibid. 

Id 

In  S.S.E.,  moYiog  downwards 
towards  S.  at  an  anele  of  50^ 
and  passing  from  about  half- 
way between  ty  and  C  Hydrse 
to  near  No.  19  in  Argo  Navis. 

In  aU  directions,  especially  near 
the  zenith. 

Horiiontafly  in  N.W.  at  an  ele- 
vation of  35^ 

Sky  overcast,  except  an  opening 
in  E.S.E.  at  10^  above  hori- 
zon.   The  meteor  appeared 
m  this  opening. 

lnS.it  an  altitude  of  30°  mo- 
ving  towards  S.W.  horizon,  at 

^  Mingle  of  45^ 

Moved  from  Vulpecula  through 

mg  down  through  fi  Lyrae  to 

The  form  circular 
and  well-defined. 
The  meteor  came 
frtmi  behind  a 
dense  cloud,  and 
had  the  appear- 
ance of  passing 
beneath  some 
woolly  cumuli ; 
yet  probably  this 
was  a  deception. 

Manysmall  meteors, 
but  their  paths 
not  noted,  as  at- 
tentionwas  taken 
up  with  a  magni- 
ficent Aurora  Bo- 
realis  which  was 
occurring  at  the 
time.  (See  April 
10th.) 

This  meteor,  when 
it  met  a  corusca- 
tion of  Aurora 
Borealis,instantly 
became  golden  & 
much  brighter. 

Nighthot,temp.65° 

Ibid 

Id 

Ibid 

Id 

Ibid 

Id 

Ibid 

Id 

Ibid 

Id 

Observatory, 

Beeston. 
Ibid 

Id 

Similar  in  erery  re- 
spect to  the  last. 

Id 
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RBPORT — 1858. 


Date. 


Hour. 


Appeartnce  and 
Magnitude. 


Brightness 
and  Colonr. 


Train  or  Sparks. 


Velocity  or 
Duration. 


1858. 
Sept.  12 


30 


h  m 
8  31 


30     =  twice  that  of  Mars  Bxceedlngly 
at  time  of  opposi-     bright     co- 


7  51 


Oct      8 

9 


In  evening. 
In  eyening. 
7  13 


7  27 


tion.    Form  circu- 
lar andwell-defined. 


lour,  an  m- 
tense  blue. 


Leaving  a  slight  streak  in 
its  track. 


Duration  2  i 


■from    2nd   to  3rd  Colourless 
mag.*,  shape  elon- 
gate. 


B2nd  mag.* 


«>  1st  mag.*.. 


Same  body  seemed  to  dis- 
appear and  reappear  21 
times. 


Tolerablyrapid,  da-* 
ration  0*8  sec 


Colourless 


Bluish. 


Streak, 


Long  tail,  and  leaving  a 
streak  in  its  track. 


Very  rapid 


Motion  slow,  dart' 
tion  1*15  sec 


Observations  of  Luminous  Meteors 


1857. 
Aug.  25 


1858. 
Jan.   10 

31 


8  30  p.m.  Brilliant  baU»p 


8  17  pun. 
10  40  p.m. 


Brilliant 


Bright  meteor  »  moon 
and  in  form  of  a 
crescent,asif  5or6 
days  old;  became 
elongated  a  little, 
and  fell  roiatmff; 
diameter  of  circle 
of  rotation  being 
about  3  times  the 
diameter  of  the 
crescent. 


On  bnrstine  threw  out 
shower  of  fire  and  disap- 
peared in  about  2  sees. 


alContlnued  about  3 
sees.,  then  burst. 


Broke  into  brilliant  reddish 
fragments. 

Threw  off  large  sparks  and 
disappeared  below  hori- 
zon. 
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Direction  or  Altitude. 


Path  from  the  Sword-handle  oi 
Perseus,  moTing  downwards 
towurds  the  N.,  passing  S^ 
aboTe  C^iella  and  almost 
through  %  Aurig»,  fieuUng 
away  near  that  star. 

FeU  perpendicularly  down,  or 
rather  nearly  so,  and  moving 
parallel  with  and  l*"  W.  of  the 
superior  edge  of  Donati's 
Comet.  Had  the  appearance 
of  moving  behind  some 
opake  bo^,  as  the  same 
shaped  object  disappeared 
and  reappeared  21  times. 


)f|Night  remarkably 
clear  and  cloud- 
Day  had 
been  very  hot, 
temp,  in  shade 
reaching  S(f'b, 


Moved  as  if  it  had  crossed  Do- 
nati's Comet,  and  was  first 

I    seen  near  the  nucleus  on  W. 

•    side  of  Comet 

Moved  downwards  from  the 
direction  of  the  star  X  Dra- 
conis,  and  crossing  the  star 
X  Urse  Majoris. 


from  various  Observers. 


General  remarks. 


Place. 


Observer. 


Observatory, 
Beeston. 


Reference. 


Mr.  Lowe's  MS. 


Ibid. 


Ibid. 
Ibid. 
Ibid. 


Ibid. 


Deaeended  from  N.  in  a  curved 

line  towards  E. 
In   N.W.  nearly  opposite  }> 

140<»  (about)  distant. 


Southsea, 
Portsmouth. 


UttleWoodhouse 
near  Leeds. 

Fern's  Plat,  St. 
Day,  Cornwall. 


nearlMr.  S.  Atkin  ofiMS. 
Liverpool,  Mr. 
W.  J.  Hay, 
Chemist  to  the 
Dockyard,  and 
Mr.  W.  W. 
Hayes. 
W.  Braithvraite, 

Surgeon. 
J.  Jeffery... 


communica- 
tion. 


Manchester  Guard. 

ian. 
Times,  Feb.  4, 1858, 
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REPORT — 1858. 


Date. 


Hoar. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  Spates. 


Velocity  or 
Duration. 


1858. 
Sept.  30 

May     4 


Aug.    8 


13 


h  m 

8  45  p.m. 


8  45  p.m. 


6  39  p.m. 


Dec    5 


4  45  p.ro. 


Two  meteors  near  to- 
gether. 

Ignited  globe  


Bright. 


=  v. 


=|}).  Uniform  until 
ihe  moment  of  ya- 
niihing,  when  it  got 
sensibly  smaller  and 
disappeared  as  a 
point. 


Round  and  larger  than 
If,  ;  then  divided 
into  two»  one  Roing 
in  advance  of  the 
other.  Both  disiq^ 
peared  suddenly. 


Brilliant  white 


Very  brilliant. 
At  first  light, 
blue,  then 
green,  and 
finally  a  red 
point.  Shape 
round,  no 
change  of 
form. 

Bright  white.. 


Bright  streak  left  behind, 
lasting  about  1  sec. 

Fell  down  into  a  farm-yard. 
Exploded  with  a  loud 
report ;  incandescent 
fragments  flew  in  differ- 
ent directions ;  one  hit  a 
cow. 

After  meteor  had  passed, 
streak  remainedyisible  3 
or  4  sees.,  having  a  wavy 
motion,filling  up  exactly 
the  distance  between 
Polaris  and  fi  Ursae  Min 

Train  12  times  the  length 
of  the  meteor ;  slightly 
concaye  to  the  horizon ; 
uniform  in  size ;  appear- 
ed to  vanish  before  the 
meteor  vanished ;  colour 
a  whitish  red ;  sparks 
very  few,  whitish. 

Train  afier  disappearance.. 


Instantaneous . 


Neariy  2^  seconds, 
ratherslowerthan 
ordinary  meteors, 
and  not  quite  nni- J 
form,  appearing] 
to  be  retarded 
before  vanishing. 


Almost      instanta- 
neous. 


APPENDIX. 

Ko.  1. — Extracts  from  the  section  od  Meteorites,  d-c,  of  a  work  entitled 
*'  Popular  Physical  Astronomj/'  by  Daniel  Vaughan.  Cincinnati,  U.S.,  1858 
(p.  82  ei  seq.y 

After  mentioning  some  of  the  well-known  instances  of  large  meteorites,  the 
author  observes  that  the  average  of  observations  shows  about  one  fall  annually 
in  the  extent  of  territory  including  the  British  Isles  and  France ;  or  in  about 
y^th  of  the  earth's  surface.  Chladni  calculates  that  about  700  fall  annually 
on  our  planet.  Their  mean  velocity  appears  to  be  about  equal,  or  even  supe- 
rior to  that  of  the  earth  in  its  orbit.  [This  result  seems  at  variance  with  that 
assumed  by  Mr.  Bompas :  see  last  Report]  Solid  masses  moving  through 
the  air  experience  or  produce  a  pressure  nearly  proportional  to  the  square  of 
their  velocity.  This  pressure  the  author  calculates,  on  a  mass  entering  our 
atmosphere  with  the  velocity  of  a  meteorite,  would  amount  to  80  tons  to  the 
square  inch,  which  would  sufiice  to  crush  it  into  fragments,  especially  if  de- 
scending almost  vertically ;  when  more  oblique,  the  resistance  and  the  chance 
of  rupture  will  be  less. 

This  the  author  considers  a  sufficient  cause  to  account  for  the  seeming  ex- 
plosion and  noise. 

He  next  adverts  to  their  luminosify.  Some  attribute  this  to  the  condensa- 
tion of  the  atmosphere  by  their  velocity.  But  this  he  considers  untenable, 
as  in  fact  the  most  luminous  meteors  are  those  which  move  obliquely  or  even 
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Direetkm  or  Altitade. 


fnm  near  7  Andromedeto  netr 
«LynB« 

Smell  of  ndphiir 


From  Polaria  through  fi  Ureee 
Minoris*  Disi^peared  behind 


When  iint  seen  about  25^  above 
horizon  S.S^.  Diiappeared 
li  laf' above  horizonatS.S.W. 


ThroQ^the  xenith  from  N.E 

ioa:w. 


General  remarks. 


No  hole  found,  but 
thestrawdisturb. 
ed  and  turned  up 
where  it  felL 


Osborne  Place, 
Old  Trafford, 
Manchester. 

Qualnton,6miles 
N.W.ofAyles- 
bury. 


Stretton,      near 
Ledbury. 


Place. 


G.    V,    Vernon, 
F.K.AS. 


Prof.  Powell  and 
family* 


Temple  Gardens, 
London. 


Near  WUIesden, 
Middlesex. 


Observer. 


MS.  commnnici^ 
tion. 

Communicated  by 
Mrs.  Smyth,  St 
John's  Lodge, 
Aylesbury. 


J.  Pope  Hennesy 


Mrs.    Baden 
Powell. 


Refertnce. 


MS.  oomnmnicti* 
tion. 


horizontally.  Of  this  he  gives  various  striking  instances.  In  fact,  all  the 
large,  intensely  brilliant  meteors,  move  across  tlie  sky  more  or  less  horizon- 
tally, while  those  which  fall  near  the  perpendicular  are  always  small  and  in- 
conspicuous. The  paths  of  the  large  and  brilliant  meteors  of  Bononia  1670y 
of  1719  and  1783  in  England,  were  horizontal,  while  those  of  Weston,  U.S., 
1807,  of  Benares  and  of  L*Aigle,  which  were  less  bright,  moved  in  more  in- 
clined paths.  He  observes  that  the  most  extraordinary  circumstance  is  the 
enormous  apparent  nuignitude  of  the  luminous  mass  or  ball,  as  calculated  from 
the  ascertained  distance.  Thus  the  Weston  meteor  was  500  feet  in  diameter, 
and  those  of  1719  and  1783  were  estimated  at  half  a  mile.  Yet  the  quantity 
of  matter  known  to  fall  has  been  but  very  small  in  comparison.  It  has  been 
alleged  that  only  a  few  fragments  were  attracted  to  the  earth  while  the  great 
mass  rebounded  from  the  atmosphere,  a  condition  which  the  author  contends 
18  impossible.  He  is  of  opinion  that  the  actual  solid  masses  of  these  bodies 
are  very  much  smaller,  and  then  adverts  to  the  observations  of  Professor 
Lawrence  Smith  (of  which  an  account  was  given  in  the  last  Report),  who 
has  assigned  an  optical  cause  for  this  phenomenon. 

The  author,  however,  dissents  from  that  conclusion,  and  alleges  that  the 
effect  in  the  experiments  there  mentioned,  of  apparent  great  enlargement  in 
the  discs  of  luminous  bodies  seen  at  a  distance,  is  really  due  not  to  any  cause 
analogous  to  irradiation,  or  of  an  ocular  kind,  as  there  supposed,  but  simply 
to  the  reflective  power  of  the  atmosphere,  which  he  oonsiders  to  be  made  out 
'     1858;  M 
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by  placing  near  the  luminous  body  any  small  reflecting  substance,  and  ob- 
serving at  a  distance  the  illumination  which  it  seems  thus  to  spread  to  some 
distance  around.  In  a  word,  he  considers  the  effect  in  these  experiments  as 
due  to  illumincUed  airy  which  became  visible  as  distance  rendered  the  glare 
of  the  bright  central  point  less  overpowering  to  the  eye* 

Now  this  cause  he  contends  cannot  produce  any  effect  in  the  case  of 
meteors  above  the  atmosphere,  or  even  its  higher  rarefied  regions. 

**  Meteoric  stones,  fire-balls,  and  shooting-stars  are  only  luminous  at  or 
beyond  the  boundary  of  our  aerial  atmosphere,  and  cease  to  be  so  on  their 

entrance  into  the  denser  air Of  the  extraordinary  illuminating  power 

of  the  fluid  which  bums  around  shooting-stars,  we  may  be  convinced  from 
the  vast  amount  of  light  which  these  objects  emit,  compared  with  their  dimi- 
nutive size.  Although  some  observers,  judging  from  their  luminosity,  have 
ascribed  to  them  a  diameter  of  from  80  to  120  feet,  yet  from  the  manner  in 
which  so  many  myriads  of  them  have  been  lost  in  the  atmosphero  during  the 
great  meteoric  showers  of  1799  and  1833,  we  cannot  assign  to  them  a  higher 
rank  than  hailstones  or  drops  of  rain,  so  far  as  actual  magnitude  is  concerned." 
— (jp.Q5.) 

The  author  is  led  to  his  explanation  of  the  luminosity  of  meteors  from  the 
theory  of  the  solar  light,  which  assigns  to  the  external  photosphere  of  his 
globe  the  locality  of  the  luminous  emanation ;  and  this  photosphere  he  con- 
siders to  arise  simply  from  the  intense  condensation  upon  and  near  his  surface, 
of  the  lumniferous  ether^  the  same  as  the  resisting  medium,  diffused  through 
the  planetary  spaces.  He  rejects  the  idea  of  combustion  or  chemical  changes 
being  the  source  of  the  sun's  luminosity;  as  these  must  in  time  become 
exhausted^  and  the  supply  of  light  and  heat  be  consequently  interrupted.  He 
alludesto  thequeryof  Newton,asto  whyand  how  it  was  that  lucid  matter  should 
be  separated  and  made  to  form  the  sun,  while  opake  matter  was  distributed 
among  the  minor  bodies  of  the  system.  He  then  adds^ — "  But  there  is  no 
neciessitv  for  this  unnatural  division  of  matter;  since  even  if  the  sun  were 
identical  in  composition  with  his  attendants,  yet  in  consequence  of  the  great 
superiority  of  his  attraction  his  surface  would  necessarily  become  the  fpcu4 
In  which  the  ether  of  space  must  display  its  Inciferous  properties.**— (p.  98.) 

The  same  law  he  conceives  to  apply  to  the  fixed  stars ;  he  rejects  the  idea 
of  the  luminosity  being  due  to  any  mechanical  action  on  the  ether  dependent 
on  the  rotation  of  these  bodies,  for  then  Jupiter  and  Saturn,  by  reason  of  their 
far  greater  rotatory  velocity,  ought  to  be  moro  self-luminous  than  the  sun. 
He  contends  that  it  is  due  to  "  the  chemical  action  which  may  be  expected 
to  take  place  in  the  etherial  fluid  as  it  condensed  around  the  great  sphere.** 
—(p.  101.) 

He  rabes  other  objections  against  the  theory  of  Prof.  W.  Thompson,  which 
was  briefly  described  in  a  former  Report,  ascribing  the  solar  light  to  the  im- 
pact of  innumerable  meteors  on  his  surface. 

'<  The  (etherial)  fluid  is  so  much  rarefied  in  the  interplanetary  domain, 
that  no  chemical  changes  can  take  place  between  its  elements,  except  where 
it  is  collected  around  the  largest  spheres  and  compressed  by  their  powerful 
attraction.  In  obedience  to  the  law  of  gravity,  which  exerts  a  universal 
control  over  all  matter,  atmospheres  of  the  etherial  fluid  are  collected  around 
the  earth  and  the  other  large  planets,  but  they  are  not  sufficiently  dense  for 
chemical  action,  except  in  cases  where  they  receive  an  additional  pressure 
from  meteoric  stones  sweeping  through  them  with  furious  rapidity.  When 
these  cosmical  bodies,  on  falling  to  the  earth's  surface,  move  in  adirection  almost 
horizontal,  they  take  a  longer  course  through  the  verge  of  the  atmospherei 
Bnd  the  etherial  medium  is  stimulated  to  chemical  activity  by  the  presfure^ 
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not  only  from  the  meteoric  mass  itself,  but  also  from  the  particles  of  air  which 
it  drives  in  every  direction  from  its  passage.  As  such  a  chemical  action  must 
be  attended  with  a  development  of  heat  and  light,  it  is  not  surprising  that 
meteorites  are  luminous  before  reaching  the  confines  of  the  air,  and  that  their 
brilliancy  is  exhibited  on  a  gigantic  scale  when  their  paths  are  almost  parallel 
to  the  horizon."— (p.  93.) 

In  further  illustration  of  these  views,  and  to  correct  some  misapprehension 
which  has  existed  respecting  them,  it  will  be  desirable  here  to  add  an  extract 
of  a  letter  to  Prof.  Powell  from  Mr.  Daniel  Vaughan. 

*'  Cindnnati,  Ohio,  October  9, 1858. 

^  I  deem  it  necessary  to  offer  an  explanation  of  the  main  point  of  my  theory, 
18  the  idea  I  have  endeavoured  to  convey  in  relation  to  it  has  not  been  cor« 
rectly  understood.  I  therefore  take  the  liberty  to  say,  that  I  do  not  r^ard 
meteoric  light  as  due  to  the  presence  of  a  luciferous  atmosphere  belonging  to 
the  meteorite  itself;  for  I  cannot  believe  that  any  appreciable  quantity  of 
ether  or  of  inflammable  gas  could  be  confined  around  such  small  bodies,  or 
retained  by  their  feeble  attractive  power  after  they  come  in  conflict  with  the 
air.  On  the  contrary,  I  have  maintained  that  the  light  arises  from  the  atmo- 
sphere of  luciferous  ether,  which  envelopes  the  earth  and  which  is  rendered 
luminous  by  the  powerful  compression  of  meteorites  as  they  move  through  it 
with  immense  velocities. 

**  In  obedience  to  the  law  of  gravity,  the  ether  of  space  must  be  condensed 
about  all  the  large  planets ;  but  it  must  undergo  the  greatest  condensation 
at  the  surface  of  the  sun.  On  this  vast  body  the  density  is  sufliciently  great 
to  admit  an  incessant  chemical  action,  giving  rise  to  an  unfailing  development 
of  heat  and  light ;  whereas,  in  the  luciferous  envelope  of  a  planet,  the  same 
phenomenon  cannot  be  expected,  except  on  the  fall  of  meteoric  masses.  Of 
the  extent  to  which  the  compression  of  the  ether  is  increased  by  falling  me- 
teorites some  idea  may  be  collected  from  the  fact,  that  a  body  flying  near  the 
earth's  surface  at  the  rate  of  20  miles  a  second,  would  Impart  to  the  air  a 
pressure  of  150,000  pounds  to  the  square  inch,  or  over  ten  thousand  times 
the  ordinary  pressure  of  the  atmospbere.  We  may  therefore  conclude  that 
the  etherial  atmospheres  of  the  several  planets  must  display  its  illuminating 
power  around  the  meteoric  body,  where  it  is  compressed  as  intensely  as  it  is 
on  the  sun's  surface. 

**  A  certain  degree  of  compression  or  density  being  necessary  for  chemical 
action  in  the  ether  which  maintains  solar  light,  it  cannot  manifest  its  light- 
producing  energy  in  the  wide  domains  of  space,  nor  even  on  the  planets,  except 
in  the  rare  cases  of  meteoric  falls ;  and  it  must  make  the  largest  spheres 
above  the  theatres  of  its  luminous  action.  My  theory,  therefore,  not  only 
accounts  for  the  fact  that  the  planets  are  not  self-luminous,  but  also  gives 
intelligence  of  the  vast  size  of  the  fixed  stars. — Daniel  Vaughan." 

Mr.  Vaughan  has  given  some  account  of  his  views  to  the  British  Associa- 
tion, 1857 ;  see  Sectional  Proceedings,  p.  42 :  also  in  some  Essays  published 
in  1853  and  ISSi,  and  in  an  article  in  the  American  Journal  of  Science  and 
Art  for  May  1855. 

No.  2. — The  subjoined  extraordinary  statement  is  copied  from  the  *  Times* 
of  Dec  4.  It  bears  the  appearance  of  a  simple  straightforward  account  of 
fiicty  the  nature  of  which  seems  difficult  to  conjecture.  It  is  here  inserted 
simply  in  the  hope  of  attracting  attention,  and  that  in  time  some  light  may 
b^  thrown  upon  it  by  other  observations. 
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Extract  of  a  letter  to  the  Editor  of  the  Times,  Dee.  4,  1858. 
"...  Last  night  (Nov.  30),  at  15  minutes  to  9,  it  being  very  dark  and  raining 
heavily,  I  was  ascending  one  of  the  steep  hills  in  this  neighbourhood,  when 
Suddenly  I  was  surrounded  by  a  bright  and  powerful  light  which  passed  me 
a  little  quicker  than  the  ordinary  pace  of  man*s  walking,  leaving  it  dark  as 
before.  This  day  I  have  been  informed  that  the  light  was  seen  by  the  sailors 
in  the  harbour,  coming  in  from  the  sea  and  passing  up  the  valley  like  a  low 
cloud....— Jabez  Brown." 
Bosctstle,  Decl. 

No.  8.  Oiiord,  Sept.  13. 

At  Si  p.m.  a  luminous  ball  was  seen  in  the  region  of  the  sky  to  the  east  of 
the  moon,  and  higher  than  that  luminary  at  the  time.  It  appeared  much 
larger  and  brighter  than  any  star  of  the  first  magnitude.    It  carried  with  it 


a  train  or  tail  like  the  tail  of  the  comet  now  visible,  and  of  about  the  same 
length.  First  was  seen  the  ball, — then  the  tail  appeared,  in  a  nearly  horizontal 
Jiue,  then  ball  and  tail  disappeared.  It  seemed  as  though  it  came  out,  ran 
along  the  sky  for  a  short  space,  and  then  entered  the  sky  again. — From  a 
Lady  in  a  letter  to  Professor  Phillips. 

No.  4. — The  following  account  of  a  meteor  was  communicated  by  Prof. 
Stevelly  to  the  British  Association,  Section  A,  at  the  Meeting  (1858Ji. 

"  On  Wednesday  evening,  the  7th  of  October,  1840,  as  a  number  of  us 
were  returning  from  a  Lecture  on  Storms,  delivered  by  Mr.  Espy  in  the  rooms 
of  the  Natural  History  and  Philosophical  Society  of  Belfast,  as  we  were 
passing  along  the  east  side  of  College  Square,  a  beautiful  meteor  appeared 
for  a  few  seconds,  almost  due  south  of  us,  but  a  little  to  the  west,  and  so 
bright  that  you  could  distinctly  read  by  its  light.  It  was  then  within  about 
20  minutes  to  10  o'clock ;  the  moon  was  shining,  though  at  the  moment  ob- 
scured by  a  cloud ;  and  afterwards,  when  I  found  that  others  had  seen  the 
same  meteor  at  a  distance,  we  estimated,  as  accurately  as  we  could,  the  alti- 
tude at  which  it  had  been  seen,  and  found  it  at  about  SO^.  On  the  night  of 
Friday,  the  9th,  or  two  days  after,  I  travelled  to  Dundalk  by  the  Dublin  mail 
coach,  and  the  guard,  Joseph  Hill,  asked  me,  had  I  seen  the  very  brilliant 
flash  of  light  on  Wednesday  evening,  at  about  a  quarter  to  ten  o'clock.  I 
told  him  I  had,  and  inquired  from  him  the  particulars  of  where  and  how  he 
saw  it.  He  informed  me  of  the  place,  which  was  about  5i  miles  out  of 
Dublin,  where  tiie  road  was  very  straight,  and' tending  to  the  north.  He  had 
seen  it,  as  he  explained,  almost  overhead,  but  somewhat  to  his  right  hand, 
and  it  was  so  bright  for  some  seconds  that  the  entire  place  around  was  lighted 
tip  so  that  a  person  could  distinctly  read  by  it  It  had,  therefore,  been  ver- 
tically over  a  place  about  75  Irish  miles  from  Belfast,  and  from  these  data  it 
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is  easy  to  calculate  its  altitude  above  the  earth,  which  must  have  been  about 
45  miles.  A  few  days  afterwards,  the  same  guard,  Joseph  Hill,  sent  me  th6 
following  letter  and  extract  from  the  'Warder'  Dublin  newspaper  of  Satur« 
cbv  the  10th,  which  confirms  Hill's  accuracy,  as  the  correspondent  of  the 
*  Warder'  must  have  seen  it  on  the  opposite  side  of  the  place  where  it  had 
been  vertical  from  what  we  did : — 

Belfast,  12th  October,  1840. 

SiRy — I  had  the  pleasure  also  of  seeing  this  phenomenon  the  same  time 
as  Correspondent.  I  was  about  5^  miles  on  this  side  of  Dublin  when  it  hap- 
pened.— Voursy  &c.,  Joseph  Hill,  Mail  Guard. 

*  Extraordinary  Appearance  intke  Sky, — (  From  a  Correspondent) — About 
a  quarter  before  ten  o'clock  on  Wednesday,  at  an  immense  altitude,  a  white 
ball  of  fire  appeared  in  the  north-eastern  part  of  the  sky  for  a  moment,  and 
shot  downwards,  illuminating  the  whole  heavens,  and  causing  an  extraordi- 
nary sensation  in  those  who  witnessed  it  before  its  descent.  The  ball  was 
tinged  with  a  beautiful  violet  blue.' — From  the  ^  Warder '  of  Saturday,  Octo* 
ber  10,  1840." 


On  some  Points  in  the  Anatomy  of  the  Araneidea,  or  true  Spiders, 
especially  on  the  internal  structure  of  their  Spinning  Organs.  By 
R.  H.  Meade,  F.R.C.S. 

[A  Communication  ordered  to  be  printed  entire  among  the  Reports.] 

It  is  not  my  intention  in  the  present  communication  to  enter  generally  into 
the  anatomy  of  spiders,  but  to  confine  myself  to  an  account  of  the  arrange- 
ment and  structure  of  the  parts  contained  in  the  abdomen ;  and  more  espe* 
cially  to  describe  the  glandular  organs  by  which  the  silk  forming  their  webs^ 
is  secreted. 

I  was  led  to  undertake  this  investigation  by  the  hope  that  an  accurate  exa- 
mination into  the  minute  anatomical  structure  of  the  spinning  organs  might 
clear  up  some  important  differences  of  opinion  as  to  their  functions.  Martin 
Lister,  Cuvier  and  others,  contend  that  spiders  have  the  power  of  forcibly 
ejecting  the  fluid  which  forms  the  silk  from  their  spinnerets ;  and  are  thus 
able  to  propel  a  thread  to  a  considerable  distance,  and  in  any  direction. 
Both  the  above-named  naturalists  state  that  they  have  distinctly  seen  them 
shoot  out  their  webs,  but  Mr.  Blackwall  (the  greatest  living  authority  on 
Arachnology)  denies  that  they  have  any  such  power,  and  says  that  the  tena- 
cious fluid  is  simply  emitted  from  the  extremity  of  the  abdomen  by  pressing 
it  against  some  fixed  point,  and  then  drawn  out  into  a  thread  by  a  current  of 
air,  and  wafted  to  some  neighbouring  object  to  which  it  adheres,  or  left 
floating  in  the  atmosphere.  Should  my  researches  fail  to  clear  up  this  inter- 
esting question,  they  may  tend  to  elucidate  some  other  curious  points  con« 
nected  with  the  functions  of  the  spinning  organs, — such  as  the  power  which 
spiders  have  of  forming  different  kinds  of  threads  from  the  same  spinnerets^ 
some  of  which  are  adhesive,  while  others  have  no  viscidity,  but  simply  form 
a  framework  to  support  the  others. 

I  met  with  considerable  difficulties  in  the  course  of  my  investigations,  had 
to  make  numerous  dissections,  and  at  last  was  unable  to  arrive  at  satisfactory 
conclusions  on  many  points ;  for  the  organs  are  so  small  and  delicate,  and 
become  so  brittle  when  the  spiders  have  been  preserved  any  time  in  spirits^ 
that  it  is  not  easy  to  separate  them.  Mv  plan  has  been  to  dissect  carefully 
in  water  or  spirit,  under  a  simple  lens,  and  then  to  submit  each  portion  sepa- 
rately to  the  action  of  a  compound  microscope. 

Digitized  by  VjOOQ IC 


t58  BBPOBT-^1668* 

The  abdomen  of  spiders  is  covered  by  a  tough  iategumenty  consistiiig  of 
three  layers :  the  external  one  is  a  thin  transparent  homy  membrane,  nearly 
colourless,  but  more  or  less  densely  covered  with  coloured  hairs ;  beneatn 
this  lies  a  soft  layer  of  pigmentary  matter^  upon  which  the  peculiar  colour  of 
the  body  depends ;  for  it  may  be  observed,  that,  when  the  hairs  with  which 
the  body  of  a  spider  is  clothed  are  rubbed  off,  the  integument  beneath  is 
usually  of  a  dark  tint  The  third  or  inner  layer  consists  of  an  expanded 
network  of  muscular  fibres,  which  are  irregularly  interlaced,  and  which  must 
enable  the  spider  forcibly  to  compress  the  abdomen.  The  muscles  forming 
this  layer  are  very  faintly,  if  at  all,  marked  with  transverse  strisB  (see  Plate  XVL 
fig.  1). 

At  the  apex  of  the  abdomen,  on  the  under  side,  is  the  anal  tubercle,  partly 
concealing  the  opening  of  the  intestinal  canal ;  and  immediately  in  front  of 
it  are  seated  the  spinnerets,  a  group  of  projecting  processes  or  mammulae  'y 
mostly  articulated,  and  moveable  in  all  directions.  Their  number  is  gene- 
rally six,  but  sometimes  they  are  reduced  to  four,  and,  as  Mr.  Blackwall  dis- 
covered, they  amount  to  eight  in  one  family.  They  are  placed  in  pairs» 
closely  grouped  together.  When  six  in  number,  the  two  anterior  and  two 
posterior  are  much  larger  than  the  two  intermediate  ones,  which  in  a  state 
of  repose  are  hidden  beneath  the  others  (see  Plate  XVI.  figs.  2  and  3).  The 
posterior  spinnerets  are  often  triarticulate,  and  have  the  terminal  joints  much 
prolonged  and  very  hairy,  when  they  have  been  called  anal  palpi,  and  supposed 
not  to  take  any  part  in  the  construction  of  the  webs ;  Mr.  Blackwell,  how- 
ever, demonstrated  their  true  character,  showing  that  they  are  provided  with 
moveable  papillae  for  the  transmission  of  the  silk,  like  the  others.  The  ex« 
ternal  anatomy  of  the  spinnerets  has  been  so  fully  described  by  Mr.  Black- 
wall  *,  who  has  shown  the  number  and  arrangement  of  these  papillae,  which 
vary  greatly  in  different  species  and  on  the  different  spinnerets,  that  I  need 
not  dwell  further  upon  them.  In  Plate  XVI.  fig.  6, 1  have  represented  some 
of  them,  which  are  like  hollow  bristles  with  dilated  bases. 

In  the  spiders  belonging  to  the  family  of  the  CinifioricUBy  Blk.  (the  type 
of  which  is  the  common  Ciniflo  (Clubiona)  atrox)^  there  is  a  fourth  pair  of 
spinnerets.  They  are  short,  compressed,  and  inarticulate,  and  different  in 
appearance  from  all  the  others.  They  are  seated  at  the  base,  and  in  front 
of  the  ordinary  anterior  pair,  and  have  each  on  the  surface  an  oval  flattened 
space  perforated  with  an  immense  number  of  exceedingly  minute  pores,  which 
are  the  orifices  of  the  spinning  tubes  (see  Plate  XVI.  fig.  5). 

The  spinnerets  are  connected  with  the  surrounding  integument  by  means 
of  diverging  bands  of  muscular  fibres  (Plate  XVI.  fig.  3),  which  enable  them 
to  move  in  different  directions ;  these  muscles  are  placed  immediately  beneath 
the  skin,  and  their  expanded  extremities  are  inserted  into  it  so  that  they  are 
separated  with  it,  unless  dissected  very  carefully. 

.  In  the  interior  of  the  abdomen,  nearer  to  the  base  than  the  apex,  and  in 
female  specimens  opposite  the  opening  of  the  oviduct,  is  a  fixed  spot,  pro- 
bably tendinous  in  character,  from  which  muscular  bands  radiate  in  various 
directions,  keeping  the  different  abdominal  organs  in  their  places.  Some  of 
these  bands  are  inserted  into  the  integument  on  both  the  ventral  and  dorsal 
surfaces  of  the  body ;  others  run  backwards  in  straight  parallel  bundles,  and 
pass  into  the  interior  of  the  different  spinning  mammulas.  The  last-men- 
tioned fibres  are  strongly  striated  (Plate  XVI.  fig.  7))  while  those  passing  from 
the  same  point  to  the  skin,  like  the  muscles  fixing  the  margins  of  the 
spinnerets  to  the  integument,  are  almost  destitute  of  striae.     When  the  abdo- 

***  Report  on  the  Araxuidea^  British  AsMciationibr  1844. 

Digitized  by  CjOOQ IC 


ON  THS  ANATOMY  OF  TSV  ABANBIDBA.         If  9 

jnea  is  opened,  a  lai^e  quantity  of  adipose  matter  comes  into  Tiew»  which  sup* 
ports  and  separates  the  different  organs.  In  recent  specimens  this  tiMue  is 
formed  into  lobules,  which  are  again  connected  by  fine  cellular  tissue  into 
larger  lobes  (see  Plate  XVL  fig.  8) ;  when,  however,  spiders  have  been  kept  for 
some  time  in  spirit,  the  connecting  tissue  disappears,  the  lobules  break,  up, 
and  a  mere  unconnected  granular  mass  remains.  This  reservoir  of  fat  is  a 
storehouse  of  nutriment,  which  enables  spiders  to  bear  very  long  abstinence ; 
and  when  they  have  been  deprived  of  food  for  a  long  while,  the  abdomcQ 
becomes  small  and  shriveled.  This  adipose  matter  was  described  by  Cuvier 
and  others  as  the  liver.  The  chief  organs  which  the  abdomen  contains  are 
the  ovaries  (in  the  female),  the  intestinal  canal,  and  the  glands  for  the  secret 
tion  of  the  silk.  The  ovaries,  which  shortly  before  the  deposition  of  the  eggs 
occupy  a  large  portion  of  the  cavity,  are  seated  in  the  central  and  posterior 
part ;  the  intestinal  tube  runs  through  it,  in  nearly  a  straight  direction,  from 
the  base  to  the  apex ;  and  the  sacs  and  tubes  which  elaborate  the  material 
for  forming  the  webs,  are  placed  in  the  lower,  lateral,  and  anterior  parts.  | 
shall  confine  myself  to  the  anatomy  of  the  last-named  structures,  merely 
noticing  with  r^ard  to  one  of  the  others,  that  I  have  generally  observed  the 
lower  part  of  the  intestinal  canal  to  be  filled  with  a  whitish  turbid  excre* 
mentitious  fluid,  sometimes  mixed  with  black  particles*.  After  having  been 
some  time  in  spirit,  this  fluid  is  converted  into  a  whitish  substance  of  the 
consistence  of  mortar. 

The  silk-glands,  with  their  excretory  tubes,  which  I  shall  now  proceed  to 
describe  in  detail,  are  very  numerous,  and  of  very  beautiful  construction. 
They  essentially  consist  of  a  number  of  hollow  cavities  or  sacs,  of  different 
sizes  and  shapes,  each  of  which  is  furnished  with  a  distinct  duct*  None  of 
them  or  their  ducts  have  any  communication  with  each  other,  but  terminate 
separatelv  at  the  extremities  of  the  spinnerets.  The  nature  and  construction 
of^  the  glands  are  essentially  similar  in  all  the  species  of  British  and  foreign 
spiders  that  I  have  dissected,  though  they  differ  greatly  in  form  and  number. 
As  might  be  expected,  they  are  most  highly  developed  in  the  web-spinning 
species ;  while  in  those  that  hunt  for  their  prey,  as  the  LycossB,  they  are  few 
and  small  in  com^mrison,  with  the  exception  of  those  species  which  are  aero* 
oautic  in  their  young  state.  They  appear  to  be  sinular  in  the  males  and 
females. 

When  the  integument  of  the  lower  and  front  part  of  the  abdomen  is  re« 
moved,  together  with  a  thin  layer  of  fat,  and  the  muscles  which  move  the 
spinnerets,  a  large  bunch  of  minute  vesicles  (just  visible  to  the  naked  eye  in 
a  large  spider,  such  as  Epeira  diadema)  is  brought  into  view ;  these,  exa- 
mined by  the  microscope,  are  found  to  be  small  transparent  oval  sacs  about 
200th  of  an  inch  in  diameter  in  Ep,  diademoy  with  fine  and  exceedingly 
elastic  ducts,  which  proceed  in  bundles  into  the  anterior  and  posterior  pairs 
of  spinnerets ;  few,  if  any,  terminating  in  the  intermediate  pair.  When  accu* 
lately  examined,  these  small  glands  are  found  to  be  of  two  kinds ;  the  most 
sup^cial,  which  are  fewer  in  number  than  the  others  in  Ep,  diadema,  are 
spindle-shaped,  and  imbedded  in  oval  capsules  of  an  opake  finely  granular 
substance,  which  is  brittle  and  easily  rubbed  off,  when  pressed  between  two 
pieces  of  glass.  I  have  endeavoured  to  represent  these  in  Plate  XVI.  fig.  10  a, 
and  fig.  11.  The  other  cells,  which  are  more  deeply  seated,  are  exceedingly 
numerous  in  some  species ;  they  are  nearly  transparent,  l>ut  when  examined 
by  a  good  glass  look  as  if  they  were  embossed,  or  covered  with  little  eleva» 

.  '  Mr.  BlsdcwsU  aotioed  that  the  exorement  of  i^plders  often  oontaioed  these  Usck  piiw 
tletes,  i^ch  bad  pEeviomly  been  descrllxed  as  calculi. 
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tions.  I  think  this  is  an  optical  illusion,  and  that  the  appearance  is  due  t6 
the  interior  being  furnished  ^rith  numerous  cavities  or  hollows  (Plate  XVL 
fig.  106,  and  fig.  12). 

In  Ciniflo  atrox  and  C.ferox^  and  probably  in  the  other  species  of  the  same 
family,  there  are  a  number  of  very  minute  sacs,  imbedded  in  granular  opake 
matter,  which  are  not  more  than  a  fourth  of  the  size  of  those  which  I  have 
before  described ;  they  are  of  a  round  or  pear-like  shape,  with  the  appearance 
of  a  nucleus  in  the  interior,  and  are  furnished  with  exceedingly  minute  ducts* 
I  found  tbem  close  to  the  spinarets,  beneath  the  skin,  and  their  ducts  pro^ 
bably  proceed  to  the  minute  orifices  on  the  extremity  of  the  extra  pair  of 
spinnerets ;  but  owing  to  their  extreme  delicacy,  I  could  not  succeed  in  tracing 
them  there  ^Plate  XVL  fig.  IS). 

In  the  middle  and  even  upper  parts  of  the  abdomen  are  a  number  of  tubular 
or  bag-shaped  cavities,  which  vary  much  in  shape,  number,  size,  and  structure 
in  different  species;  some  are  hard  and  cartilaginous  in  consistence,  with 
transparent  walls ;  these  present  no  appearance  of  fibres  under  the  micro* 
scope,  but  when  forcibly  compressed,  crack  and  break  into  irregular  frag* 
ments.  Their  ducts  seem  similar  in  structure  to  the  body  of  the  sac,  being 
hard  and  brittle.  In  JEpeira  diadema  and  Ep,  quadrata  these  glands  are  of 
a  large  size ;  in  the  former  species  there  are  six  of  them,  three  being  on  each 
side;  they  are  somewhat  cylindrical  in  shape,  and  very  much  convoluted 
(see  Plate  XVII.  fig.  1  a).  I  succeeded  in  tracing  one  of  their  ducts  into  each 
of  the  six  ordinary  spinnerets.  In  Agdena  labyrirUhioa  they  are  represented 
by  several  oval-shaped  sacs,  of  moderate  size  (see  Plate  XVII.  fig.  1  c),  quite 
transparent,  and  so  firm  in  consistence,  that  they  feel  like  solid  bodies  when 
taken  between  the  fingers. 

We  now  come  to  a  series  of  membranous  sacs,  of  various  shapes  and  sizes, 
some  being  large  and  vermiform,  others  club-shaped,  while  others  are  dilated 
in  the  middle  and  furnished  with  branched  caeca.  All  these  different  forms 
do  not  occur  in  the  same  individual,  but  some  in  one  species  and  some  in 
another ;  they  all  appear,  however,  to  resemble  each  other  more  or  less  in 
structure.  When  any  of  the  larger  varieties  are  minutely  examined,  their 
walls  appear  thickened  and  fibrous.  Their  inner  surface  is  studded  with  mi* 
nute  cavities  or  hollows,  giving  it  somewhat  the  appearance  of  the  interior  of  a 
piece  of  human  intestine,  with  its  valvuUe  conniventes;  thus  affording  an  in* 
Creased  surface  for  secretion.  When  carefully  removed  from  the  surround- 
ing textures,  they  all  appear  coated  externally  by  soH;  granular  matter.  I 
think  it  probable  that  the  blood  or  nutritive  fluid  which  supplies  the  mate* 
rials  for  secretion  circulates  in  this  coat,  which  must  therefore  be  considered 
as  the  cortical  part  of  the  gland.  These  sacs  are  well  seen  in  Agelena  laby^ 
rinthuxh  where  they  are  met  with  of  a  large  tubular  or  clavate  shape.  I 
have  figured  three  (Plate  XVII.  fig.  7),  the  ducts  of  which  I  found  terminating 
in  one  of  the  elongated  posterior  spinners ;  fully  confirming  Mr.  Blackwall's 
opinion  as  to  the  true  nature  of  these  anal  palpi,  as  they  have  been  called. 
In  Ciniflo  ferox  I  noticed  two  large  branched  sacs  of  a  very  peculiar  form 
(see  Plate  XVII.  fig.  6). 

One  of  the  most  interesting  parts  of  the  structure  of  these  membranous 
sacs  is  the  formation  of  their  excretory  ducts.  A  transparent  and  highly 
extensible  tube  is  encircled  by  a  fibrous  or  muscular  coat,  which  loosely  sur^ 
rounds  it,  and  seems  to  be  a  continuation  of  the  outer  coat  of  the  sac  itsdf. 
When  the  ducts  are  stretched,  which  they  unavoidably  are  in  their  removal 
from  the  body,  this  breaks  up  into  circular  rings  and  becomes  loose  from  the 
tube  within,  which  is  exceedingly  extensible,  and  stretches  out  so  as  to  be- 
come much  less  in  diameter  than  the  outer  coat.    This  structure  may  be  very 
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plunly  seen  in  Agehna  labyrifUhica  and  Cini/ioferoXf  but  is  still  more  distinct 
in  some  large  foreign  spiders.  I  have  figured  a  sac  and  tube  taken  from  a 
large  species  of  OlioSf  which  I  had  an  opportunity  of  dissecting  through  tbd 
kindness  of  Dr.  Gray  of  the  British  Museum  (Plate  XVII.  fig.  5  ).  The  ducts 
from  these  glands  seem  principally  to  terminate  in  the  posterior  and  interme^ 
diate  spinnerets,  but  I  have  traced  some  of  them  (especially  in  Cinifioferox) 
into  the  anterior  pair.  When  dissecting  a  large  specimen  of  Mygatcy  I  found 
that  the  fine  ducts  proceeding  from  the  numerous  small  oval  glands  in  the 
vicinity  of  the  spinnerets  had  all  the  same  structure  as  those  I  have  described 
(Rate  XVI.  fig.  126).  I  have  noticed  that  some  of  the  larger  ducts  proceed 
parallel  with,  and  are  partly  imbedded  in,  the  fibres  of  the  muscular  bandd 
which  extend  into  the  interior  of  the  spinnerets  (see  Plate  XVII.  fig.  8). 

I  shall  now  endeavour  to  draw  a  few  physiological  inferences  from  the  facts 
I  have  imperfectly  related.  Every  papilla  or  spinning  tube  is  furnished  with 
a  aeparate  duct,  so  that  each  thread  which  a  spider  spins  is  secreted  by  a 
distinct  gland  having  no  communication  with  its  neighbours ;  and  there  cad 
be  no  doubt  that  different  varieties  of  silk  are  secreted  by  the  different  kinds 
of  glands ;  but  it  b  exceedingly  difficult  to  demonstrate  the  fact,  as  no  direct 
experiments  can  well  be  made  in  proof  of  it  Treviranus  says  that  he  thinks 
the  small  glands  near  the  spinnerets  of  Ciniflo  atrox^  the  existence  of  which 
he  ascertained  (I  do  not  mean  the  minute  ones  connected  with  the  additional 
spinnerets),  contain  a  different  kind  of  fluid  from  that  in  the  large  sacs ;  but 
they  are  so  small,  that  I  do  not  think  it  possible  to  determine  the  nature  of 
their  contents  except  by  the  colour,  and  that  must  be  influenced  by  the  struc- 
tare  of  the  walls  of  the  sacs  or  glands. 

We  have  seen  that  the  secreting  glands  are  of  very  different  sizes  and  kinds  $ 
the  orifices  in  the  spinnerets,  and  the  spinnerets  themselves,  are  also  different ; 
and  reasoning  upon  these  facts,  and  upon  some  points  which  may  be  con- 
sidered as  proved,  in  the  economy  of  the  spinning  organs,  I  think  we  may  be 
justified  iu  drawing  certain  conclusions,  or  rather  offering  suggestions  as  to 
their  uses. 

I  have  said  that  in  Ciniflo  cUrox  and  allied  species  there  is  a  distinct  pair 
of  supplementary  spinnerets,  furnished  with  a  fine  sieve-like  surface,  for  the 
emission  of  a  number  of  exceedingly  delicate  threads ;  there  are  also  a  num- 
ber of  very  small  and  peculiar  looking  cells,  apparently  connected  with  these 
spinners;  now  Mr.  Blackwall  has  distinctly  shown  that  these  spinnerets  per- 
form a  peculiar  function,  spinning  exceedingly  fine  lines  of  pale  blue  silk^ 
which  is  woven  into  a  flocculus,  as  he  calls  it,  by  a  most  beautiful  comb  or 
calamistrum  connected  with  the  hind  legs*,  which  flocculus  performs  a  pecu« 
liar  office  in  the  webs  of  this  spider.  In  this  case  there  are  a  distinct  set  of 
glands,  connected  exclusively  with  a  distinct  pair  of  spinnerets,  so  that  it  Is 
very  easy  to  determine  their  functions ;  the  other  glands,  however,  have  not 
peculiar  spinnerets  to  themselves ;  therefore  there  must  be  a  greater  uncer* 
tainty  in  hazarding  opinions  as  to  their  uses. 

By  far  the  most  numerous,  and  most  constant  in  size  and  shape,  of  the 
spinning  glands  in  spiders  generally,  are  the  small  ones  seated  near  the  spin-* 
nerets;  these  probably  secrete  the  finer  threads  which  form  the  more  deli- 
cate textures  of  their  webs,  construct  the  cocoons  in  which  they  enclose  their 
eggs,  and  the  retreats  in  which  some  of  the  species  conceal  themselves. 

I  remarked  that  the  hard  cartilaginous  sacs  were  peculiarly  large  and 
numerous  in  the  geometric  spiders,  as  Epeira  diadema.  1  would  suggest 
that  they  secrete  the  adhesive  threads,  which  are  spirally  fixed  upon  the 
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framework  of  elastic  filaments  first  constructed.  The  common  house  spider 
(Tegenaria  eiviiis)  is  said  to  form  no  adhesive  lines,  and  I  have  been  unable 
to  find  any  of  the  cartilaginous  glands  in  its  abdomen. 

We  now  come  to  the  consideration  of  the  various  shaped  membranous  sacsy 
ihe  ducts  of  which  are  much  larger  than  in  the  cartilaginous  kind,  and,  as  I 
have  shown,  are  furnished  with  a  fibrous  coat  arranged  in  distinct  rings.  I 
have  no  doubt  that  these  sacs  form  the  fluid  which  constructs  all  the  strong 
Don-adhesive  threads  spun  by  spiders,  and  also  the  floating  lines  or  gossamer 
of  the  aeronautic  species.  In  support  of  the  latter  assertion,  I  have  found 
that  two  of  the  most  common  among  the  aerial  spiders,  viz.  Lyco»a  saccaia 
pud  Thamistu  crisiatuSf  contain  these  sacs  in  great  size  and  number;  whereas 
they  are  erratic  species  spinning  no  regular  webs,  and  therefore  having  no 
other  apparent  use  for  them.  In  most  other  species  of  LycossB  the  spinning 
organs  are  in  a  very  rudimentary  state. 

I  have  now  arrived  at  the  most  interesting,  but  most  difficult  part  of  my 
task,  viz.  the  question  whether  there  b  anything  in  the  structure  of  the  silk- 
forming  organs  that  will  decide  the  question  as  to  the  power  of  spiders  to 
eject  their  threads  to  a  distance.  Looking  at  the  strong  fibrous  coat  on  the 
ducts  of  the  membranous  sacs,  and  the  fibrous  tissue  surrounding  the  glands 
themselves,  I  think  that  they  must  possess  a  powerful  contractile  power,  which 
may  also  be  increased  by  the  muscular  coat  of  the  integument  enabling  the 
spider  to  compress  its  abdomen :  may  not  the  striated  bands  of  muscular 
fibres,  which  run  in  a  parallel  direction  down  the  middle  of  the  abdomeq 
quite  into  the  interior  of  the  spinnerets,  and  surround  the  termiuation  of  the 
ducts,  also  assist  in  this  object  ?  They  are  not  attached  to  the  tegumentary 
coverings  of  the  spinnerets  like  the  other  muscles,  and  cannot  thei*efore  be 
for  the  purpose  of  moving  these  processes ;  their  action  must  be  to  draw  the 
spinnerets  inwards.  On  examination  of  the  pectoral  muscles  which  connect 
the  legs  with  the  cephalothoraz,  and  which  possess  great  power,  to  enable 
the  spider  to  perform  its  various  active  movements,  I  found  that  they  pre- 
sented exactly  the  same  microscopic  appearances  as  the  deep  abdominal 
muscles,  being  very  strongly  striated ;  I  therefore  conclude  that  the  latter 
perform  some  very  active  functions. 

.  In  adopting  the  conclusion  that  spiders  have  the  power  of  forcibly  pro- 
pelling the  silky  fluid  from  their  spinners,  I  know  that  I  am  running  counter 
to  the  convictions  of  Mr.  Black  wall,  for  whose  opinion  on  all  points  con- 
nected with  Arachnology  I  have  the  greatest  veneration.  That  patient  and 
acute  observer  based  his  views  upon  the  result  of  many  carefully  conducted 
experiments ;  he  found  that  spiders,  when  placed  upon  an  upright  stick  which 
had  its  base  fixed  in  water,  could  not  escape  when  they  were  covered  by  a 
glass  shade,  so  as  to  prevent  any  movement  of  the  air ;  but  when  left  un- 
covered, in  the  ordinary  atmosphere  of  a  room,  they  emitted  a  little  fiuid 
from  their  spinnerets,  which  was  drawn  out  into  a  tiiread  by  the  slightest 
current  of  air,  and  soon  became  attached  to  some  neighbouring  object.  I 
think  it  very  probable  that  a  current  of  air  may  thus  draw  out  these  almost 
imponderable  lines  in  some  cases,  but  I  consider  that  we  cannot  thus  account 
for  the  formation  of  their  threads  under  all  circumstances  and  in  all  places. 
We  have  also  the  testimony  of  Cuvier  and  others,  that  spiders  sometimes 
eject  their  threads  simultaneously  in  opposite  directions.  Cuvier  has  seen 
this  feat  performed  by  a  Thomisus*^  and  Kirby  and  Spence  quote  an  obser- 
vation made  by  an  anonymous  author,  who  says  he  saw  a  small  spider  shoot 
out  obliquely  in  opposite  directions  small  threads,  which  attached  themselves 
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in  die  still  air  of  a  room,  without  any  influence  of  the  wind,  to  the  objecti 
iowards  which  they  were  directed  *. 

Spiders  are  exceedingly  sagacious,  and  vary  the  expedients  which  they 
adopt  to  escape  from  confinement  or  to  reach  a  neighbouring  object.  I  was 
much  interested  lately  in  observing  one  (Epeira  incUnaia)  shift  its  position. 
It  was  on  a  horizontal  piece  of  wood,  and  wished  to  reach  another  piece 
placed  about  a  foot  beneath  it,  and  at  a  short  distance  from  it  laterally.  It 
Suddenly  dropped,  spinning  a  thread  as  it  fell,  which  of  course  it  had  first 
fixed  to  the  wood  above.  When  it  had  fkllen  to  a  little  below  the  level  of 
the  ol^'ect  which  it  wished  to  reach,  it  stopped  itself  by  catching  the  line  with 
one  of  its  feeU  and  remained  suspended  in  the  air  by  the  thread.  It  now 
made  several  violent  jerkiog  movements,  and  thus  acquired  a  swinging  mo- 
tion, which  it  managed  to  increase  until  it  brought  itself  into  contact  with 
the  neighbouring  object:  as  soon  as  this  was  effected,  it  clambered  on  to  it, 
and  walked  leiBurely  away. 

Explanation  of  the  Plates. 

Plate  XVI. 
Fig.  1.  Portion  of  the  muscular  layer  of  integument. 
Fig.  2*  Spinnerets  from  a  large  species  of  Olios. 
Fig.  S.  Spinnerets  of  Epeira  diademoy  with  motor  muscles. 
Fig.  4.  Portion  of  one  of  the  same  muscles,  greatly  magnified,  showing  its 

attachment  to  the  skin. 
Fig.  5*  Spinnerets  of  Cini/h  ferox : — a.  Extra  spinnerets,  which  form  the 

flocculus ;  b.  Cribriform  surface  on  the  same* 
Fig*  6.  a,  Papill89  or  spinning  tubes  on  a  portion  of  a  spinneret;  ft.  Highly 

magnified  view  of  one  papilla* 
Fig.  7«  Striated  muscle  from  the  interior  of  abdomen :— a.  Bundle  of  fibres  i 

b.  One  fibre,  highly  magnified. 
Fig.  8*  Fat  lobules. 
Fig.  9*  Interior  of  the  abdomen  of  Epiira  diadema^  showing  the  silk-glands 

in  situ. 
Fig*  10.  One  of  the  spinnerets  oi  Epeira  dktdemat  with  portions  of  striated 

muscle,  and  some  of  the  small  oval  and  fusiform  glands  attached. 
Fig.  1 1  •  Two  of  the  fusiform  glands,  with  their  granular  capsules  highly 

magnified. 
Fig.  12.  a*  Oval  gland,  from  Epeira  diadema,  showing  its  embossed  appear* 

ance ;  b,  Ditto,  from  a  large  species  of  Jdygaky  showing  its  duct 

with  a  fibrous  covering. 
Fig.  IS.  Minute  glands  near  the  supplementary  spinners  in  Ciniflo  atroxi 

two  ordinary  glands  appear  with  them. 

Plate  XVII. 
Fig*  1*  Cartilaginous  or  hard  silk-glands: — a  and  b.  Two  varieties  from 

Epeira  dicuiema;  c.  Variety  from  Ageleria  labyrinthica* 
Fig.  2.  Membranous  sac  and  duct  from  Agelma  labyrinthica* 
Fig.  S.  A  portion  of  the  body  of  the  same,  highly  magnified. 
Fig.  4.  A  portion  of  the  duct  of  the  same,  highly  magnified. 
Fig.  5*  X«arge  sac  from  a  species  of  Olios : — a.  A  portion  of  the  duct  of  the 

same,  showing  the  fibrous  coat 
Fig*  6*  Peculiar  shaped  sac,  with  branched  csBca,  from  Ciniflo  atrox. 
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Fig.  7*  One  of  the  posterior  triarticulate  spinners  from  AgeUna  lahyrinthicay 

with  spinning  glands  attached. 
Fig*  8.  Portions  of  duct,  from  spinning  glands  imbedded  in  muscle,  just  as 

thej  are  entering  one  of  the  spinnerets. 


The  Patent  Laws.— Report  of  the  Committee  of  the  British  Associaiioiu 
Presented  by  W.  Fairbairn,  F.RS. 

The  subject  of  the  Patent  Laws  has  frequently  occupied  the  attention  of 
meetings  of  the  Britbh  Association,  and  committees  have  from  time  to  time 
been  appointed  for  the  purpose  of  considering  bow  those  laws  might  be 
rendered  more  efficient  for  the  objects  with  which  they  are  maintained* 
The  Rev,  Vernon  Harcourt,  in  the  inaugural  address  at  the  first  meeting  of 
the  Association,  held  at  York  (September  1831),  in  which  he  expounded 
the  objects  and  plan  of  the  Association,  referred  to  those  laws  as  an  instance 
in  which  fiscal  regulations  interfered  with  the  progress  of  practical  science, 
and  as  failing  to  give  protection  to  property  in  scientific  invention  to  the 
same  extent  as  protection  is  given  to  every  other  species  of  property ;  and 
he  suggested  a  revision  of  those  laws  as  one  of  the  subjects  to  which  a 
scientific  association  might  be  justly  expected  to  call  public  attention ;  and 
Sir  David  Brewster,  and  others,  have  on  several  occasions  brought  the 
subject  before  meetings  of  the  Association. 

By  the  Patent  Law  Amendment  Act,  passed  in  the  session  of  1852,  the 
rights  of  the  inventor  to  property  in  the  ofikpring  of  his  brain,  and  in  the 
creations  of  his  intellect  when  embodied  in  products  of  national  industry,  were 
fully  recognized ;  provisional  protection  to  that  property  was  secured  to  such 
inventor  from  the  date  of  his  application  for  a  patent ;  one  proceeding  was  sub* 
stituted,  and  one  patent  issued,  extending  to  the  whole  of  the  United  Kingdom, 
instead  of  three  proceedings  and  three  patents  separate  and  distinct  for  each 
of  the  three  countries,  England,  Scotland  and  Ireland ;  property  was  created 
and  protection  obtained  for  six  months  by  a  payment  of  £5 ;  for  three  years 
by  a  payment  of  £25 ;  and  for  the  further  terms  of  four  and  seven  years,  by 
additional  payments  of  £50  and  £100  respectively,  instead  of  by  the  pay- 
ment of  upwards  of  £300  in  the  first  instance,  under  circumstances  of  such 
uncertainty  as  threw  discredit  on  the  whole  system ;  the  specifications  of  all 
patents  are  to  be  printed  and  published,  and  sold  at  extremely  low  prices ;  a 
benefit  to  the  public  as  well  as  the  inventor,  which  it  would  be  difficult  to 
estimate  too  highly ;  and,  lastly,  provision  was  made  for  the  regulation  of 
matters  relating  to  patents  by  commissioners  furnished  with  ample  powers 
for  the  purpose. 

Tbb  Act  came  into  operation  on  the  1st  of  October,  1852,  and  the  ex- 
perience of  the  first  two  years  showed  that  the  payments  by  inventors  upon 
the  above  scale  of  charges  would  be  at  the  rate  of  more  than  £50,000  per 
annum,  without  including  the  further  or  additional  payments  for  the  main* 
tenance  of  the  patents  for  the  further  terms  of  four  and  seven  years,  aflter 
the  expiration  of  the  first  three  or  seven  years  respectively. 

At  the  meeting  of  the  British  Association  in  Liverpool,  September  1854» 
a  committee,  presided  over  by  the  Earl  of  Harrowby,  was  appointed  ^*  for 
the  purpose  of  taking  such  steps  as  may  be  necessary  to  render  the  patent 
system  and  the  funds  derived  from  inventors  more  efficient  and  available 
for  the  reward  of  meritorious  inventors  and  the  advancement  of  practical 
science."  Thb  committee  communicated  with  the  Earl  Granville  and  Lord 
Brougham^  to  whose  exertions  and  watchful  care  the  passage  of  the  measure 
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of  1852  was  mainly  due;  and  made  a  report  to  the  meeting  of  the  British 
Association^  held  in  Glasgow  in  the  following  year,  when  the  subject  of  the 
tax  on  inventors  and  the  appropriation  of  the  funds  so  levied  was  fully  dis- 
cussed ;  and  another  oommitteey  consisting  of  His  Grace  the  Duke  of  Argyll, 
the  Earl  of  Harrowby,  Colonel  Sabine,  the  Master  of  the  Mint  (Prof. 
Graham),  Mr.  Fairbaim  and  Mr.  Webster,  were  appointed  with  similar 
powers.  The  Glasgow  Committee  addressed  a  memorial  to  the  Lord  Chan« 
cellor  (Lord  Cranworth),  calling  attention  to  the  proceedings  which  had 
taken  place  at  the  various  meetings  of  the  British  Association,  to  the  nume-* 
Toos  questions  of  administration  and  legislation  then  adverted  to,  or  which 
might  be  expected  to  arise,  and  suggesting  that  Her  Msyesty  should  be  ad- 
vised, in  accordance  with  the  provisions  of  the  Patent  Law  Amendment 
Act,  1852,  to  appoint  others  than  the  oflBcial  commissioners,  and  to  make 
the  working  of  that  Act  the  subject  of  immediate  inquiry. 

At  the  meeting  of  the  British  Association,  held  at  Cheltenham  in  1856,  a 
committee,  consisting  of  the  Earl  of  Harrowby,  Lord  Stanley,  M.F.,  Mr. 
Fairbaim,  Prof.  Graham,  the  Master  of  the  Mint,  Mr.  James  Heywoodt 
Mr.  Commissioner  Hill,  General  Sabine,  and  Mr.  Webster,  were  appointed 
with  like  powers;  the  Earl  of  Harrowby  and  Mr.  James  Hey  wood  commu« 
Hicated  personally  with  the  Lord  Chancellor;  the  Lord  Stanley  took  a  warm 
interest  in  the  subject,  embodying  his  views  on  the  necessary  alterations  in 
a  published  pamphlet;  but  up  to  this  time  the  objects  in  view  have  not  been 
attained,  and  it  will  be  for  this  meeting  of  the  British  Association  to  consider 
what  further  steps  should  be  taken. 

The  printing  and  publication  of  the  specifications  has  led  to  results  which 
were  hardly  anticipated,  as  to  which  the  following  extract  from  a  Report  of 
the  Commissioners  of  Patents  in  1856,  will  be  reaid  with  interest : — 

**  The  Commissioners  of  Patents  have  presented  complete  copies  of  all  their 
publications  to  such  of  the  government  officers  and  seats  of  learning  as  have 
applied  for  them,  and  to  the  principal  towns  in  the  United  Kingdom,  on  con* 
dition  of  their  being  daily  open  to  the  inspection  of  the  public  free  of  charge. 
In  their  selection  of  towns  for  this  gift,  they  have  been  guided  by  the  num<* 
l>er  of  applications  for  patents  proceeding  from  each. 

^  This  gift  has  in  most  cases  laid  the  foundation  of  public  free  libraries 
where  none  previously  existed.  In  some  instances,  where  the  local  authori- 
ties hesitated  to  accept  the  works  on  account  of  the  incidental  expenses, 
the  custody  has  been  solicited  and  temporarily  undertaken  by  scientific  in- 
stitutions, which  have  modified  their  by-laws  to  enable  a  free  admission  of 
the  public  daily  to  the  library  in  which  the  works  are  deposited/* 

The  same  Report,  after  enumerating  a  list  of  the  places  which  have  received 
the  works,  says,  **  it  is  satisfactory  to  find  that  these  national  records  of  in- 
vention are  especially  consulted  by  that  class  whose  skill  in  the  improvement 
of  manufactures  is  so  essential  to  the  maintenance  of  the  commercial  pros- 
perity of  this  kingdom ;"  and  adds  the  testimony  of  the  librarians  of  several  of 
the  free  libraries  to  the  same  efiect 

Complete  sets  of  the  Commissioners'  works  have  been  sent  to  the  Colonies ; 
to  many  Foreign  States ;  to  the  Patent  Office,  Washington ;  to  the  Aster  Li- 
brary, New  York ;  to  the  Franklin  Institution  of  Pennsylvania ;  to  the  Public 
Free  Library,  Boston,  U.S. ;  and  the  Honourable  Charles  Mason,  Commis- 
sioner of  Patents  for  the  United  States,  addressing  the  Commissioners  of 
Patents  in  thb  country,  writes  as  follows : — 

**  The  admirable  example  you  have  set  in  publishing  the  specifications  and 
drawings  in  full,  and  putting  them  on  sale  at  a  moderate  price,  so  that  all 
caQ  easily  provide  themselves  with  what  they  need  for  private  use,  will  ere 
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long,  I  trast,  stimalate  our  own  Grovernment  to  do  the  like.  Nothing  short 
of  this  in  the  way  of  publication  can  give  permanent  satisfaction*** 

A  free  library  and  reading-room  has  been  opened  at  the  office  of  the  Com- 
missioners of  Patents,  containing  a  large  collection  of  works  of  reference, 
which  the  same  Report  states  to  be  numerously  attended  by  professional 
men,  the  agents  of  foreign  and  provincial  inventors,  and  by  practical  mecha- 
nics  and  operatives ;  and  Mr.  Woodcroft  has  collected  a  large  number  of 
portraits  of  inventors  and  of  models,  illustrative  of  the  history  and  progress 
of  invention,  which  it  may  be  hoped,  at  no  distant  period,  will  form  a  prin- 
cipal object  in  a  national  gallery  of  inventors  and  museum  of  inventions. 

These  and  other  undertakings,  well  suited  to  promote  the  advance  of  prac- 
tical science  and  the  interest  of  inventors,  afford  legitimate  objects  for  the  ex- 
penditure of  the  surplus  funds  levied  on  inventors ;  but  when  ample  provision 
shall  have  been  made  for  these  objects,  there  will  be  a  considerable  annual 
sunplus. 

The  amount  paid  by  patentees  during  the  last  year  was  upwards  of 
£83,000;  and  after  the  commencement  of  the  payment  of  £100  at  the 
expiration  of  the  seventh  year,  the  amount  levied  on  inventors  will  not  be 
found  less  than  £100,000  per  annum ;  a  sum,  which,  as  being  levied  on 
Inventors  and  inventions,  may  reasonably  be  expected  to  be  expended  on 
objects  in  which  inventors  have  some  interest. 

In  reference  to  this  branch  of  the  subject,  the  following  questions  would 
appear  to  arise  for  consideration  t — 

1 .  Should  the  present  scale  of  payment  be  maintained  or  reduced,  so  as 
to  leave  no  great  surplus  beyond  what  may  be  necessary  for  the  official 
expenses? 

2.  If  the  present  scale  be  maintained,  how  should  the  surplus  be  appro- 
priated ? 

It  appears  that  the  second  payment  of  ^50  before  the  end  of  the  third 
year  is  not  made  in  respect  of  more  than  about  one-fourth  of  the  whole 
number  of  patents  issued,  that  payment  being  made  on  about  500  out  of 
2000  patents,  so  that  1500  are  permitted  to  lapse;  the  cost  of  which  in 
money  to  the  patentees  cannot  be  taken  at  less  than  ^75»000,  in  addition 
to  the  expenditure  of  time  and  labour  on  the  respective  inventions.  Can  any- 
thing be  done  to  diminish  this  loss  beyond  affording  every  facility  for  accesB 
to  information  as  to  what  has  been  done  before,  and  the  improved  education 
of  the  people  ? 

In  addition  to  these  considerations  and  suggestions  in  connexion  with  the 
new  system  as  recently  established,  and  which  are  of  a  fiscal  character, 
there  are  some  other  questions  deeply  affecting  the  interests  of  inventors 
and  the  advancement  of  practical  science,  which  it  would  not  be  proper  to 
clove  this  Report  without  adverting  to. 

The  Patent  Law  Reform  of  1852  was  never  regarded  as  a  final  measure. 
It  was  but  a  first  instalment  obtained  under  great  difficulty ;  it  only  laid 
the  foundation  of  the  superstructure  yet  to  be  raised.  The  following  import- 
ant questions  of — 1.  improved  protection  to  the  property  so  created; 
2.  the  amendment  of  existing  patents  and  specifications,  so  as  to  save  what 
is  really  new  and  useful  according  to  the  amendment  of  the  Patent  Law  as 
effected  by  Lord  Brougham  in  1835 ;  S.  the  confirmation  of  an  invention 
reinvented  and  introduced  into  successful  use,  according  to  the  principle  of 
the  confirmation  of  rights  effected  by  the  same  noble  Lord ;  4.  the  exten- 
sion of  the  term  of  patents  which  have  not  yielded  adequate  remuneration  to 
the  inventor ;  5.  reward  to  a  meritorious  inventor,  who  from  causes  wholly  be- 
yond hii  controli  has  been  a  great  loser  byi  or  derived  no  benefit  from  a  ineri- 
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torions  invention,  from  which  the  public  have  derived  great  benefit;  6.  a 
system  of  compulsory  licences  under  existing  patents, — are  questions,  all  of 
which  were  omitted  advisedly  by  the  promoters  of  the  recent  measure,  their 
attention  being  directed  mamly  to  the  destruction  of  the  existing,  and  the 
establishment  of  a  new  system  of  creating  property  in  inventions. 

These,  with  other  amendments  and  matters  of  minor  importance,  which 
the  experience  of  six  years  of  the  working  of  the  new  system  has  disclosed, 
will  involve  further  legislation,  and  the  consolidation  and  repeal  of  no  less  than 
sixteen  statutes,  or  part  of  statutes,  an  object  of  great  importance  to  every 
inventor. 

Your  Committee  now  remit  this  subject  to  the  consideration  of  the  Meeting 
of  the  British  Association,  deriving  confidence  from  the  belief  that  the  times 
are  not  unfavourable  for  further  action,  and  that  the  town  and  neighbour* 
hood  in  which  the  Association  is  now  assembled  may  appropriately  claim  to 
take  a  prominent  part  in  the  consummation  of  those  reforms  which  have 
occupied  the  attention  of  so  many  previous  Meetings. 


On  the  Lead  Mining  Districts  of  Yorkshire. 
By  Stephen  Eddy,  Carlton,  Skipton. 

Ik  comparison  with  the  vast  coal  fields  and  iron-stone  beds  of  Yorkshire,  the 
lead-producing  district  of  this  county  seems  trifling ;  yet  in  consideration  of 
the  large  population  dependent  upon  the  mining  and  manufacture  of  lead,  it 
neceflsarily  claims  our  attention. 

I  cannot  take  it  upon  me  to  say,  when  lead  mining  was  first  commenced  iff 
this  county ;  but  that  many  veins  were  discovered  and  worked  to  some  extent, 
at  a  very  early  period,  is  fully  established,  both  by  the  Roman  explorations 
frequently  met  with,  and  the  discovery  in  the  vicinity  of  Greenhow  Hill,  near 
Pateley  Bridge,  of  two  pigs  of  lead,  inscribed  with  the  name  of  the  Emperor 
Domitian,  and  bearing  date  a.d.  82.  It  is  not  improbable,  however,  that 
the  mines  of  these  districts  were  worked  at  a  still  more  remote  period  by  the 
ancient  Britons. 

In  the  earlier  age  of  lead  mining,  and  indeed  up  to  a  comparatively  recent 
period,  the  discovery  of  k  vein  entitled  the  party  finding  it  to  a  grant,  or 
licence  to  work,  on  a  certain  length  of  such  particular  vein,  generally  two 
meers ;  the  roeer  being  28,  29,  30,  or  32  yards,  in  different  districts,  re* 
spectively»  The  width  of  the  ground  granted  was  confined  to  a  distance  of 
8  yards  on  each  side  of  the  vein.    This  was  called  the  **  Quarter  Cord." 

Thus,  each  vein  formed  a  distinct  mine,  and  from  the  well-known  fact, 
that  (though  there  is,  generally  speaking,  a  certain  degree  of  parallelism 
maintained  by  the  msjor  part  of  the  veins),  in  each  of  our  mining  fields, 
numerous  intersections  take  place ;  the  parties  pursuing  their  allotted  veins 
frequently  found  themselves  within  the  quarter  cord  of  the  adjacent  sett, 
and  sometimes  on  their  neighbour's  vein.  The  result  of  such  a  system  of 
holding,  was  not  only  to  cramp  the  energies  of  the  miner,  from  his  not  having 
a  reasonable  extent  of  ground  for  works  of  trial ;  but  also  to  involve  him  in 
constant  disputes  and  litigations  with  his  neighbour. 

The  pernicious  system  of  letting  ground  on  a  certain  vein,  with  a  given 
width  on  each  side  of  such  vein,  was  however  continued  to  a  comparativdy 
recent  date ;  when  parties  with  capital  becoming  connected  with  the  mined^ 
and  the  works  being  so  extended  as  to  render  the  introduction  of  machinery 
advisable,  the  necessity  for  grants  on  a  larger  scale  was  so  apparent,  that 
small  holders  were  by  degrees  disposed  of,  and  the  custom  of  granting  Mtti 

Digitized  by  ^OOQ IC 


16»  BEPORT*-1858« 

(as  they  are  termed)  of  certain  extent,  defined  by  fixed  boundaries,  which 
has  been  practised  in  Devon  and  Cornwall  from  a  very  early  period,  is  now 
almost  generally  adopted  in  this  county. 

Generally  speaking,  the  various  lead  mines  which  constitute  such  an  im- 
portant portion  of  the  mineral  treasures  of  Great  Britain,  are  situated  on 
rugged  and  barren  elevations,  and  in  this  respect  those  of  Yorkshire  are  not 
exceptions. 

If  we  draw  an  imaginary  line  from  Ilkley,  bearing  about  12^  West  of 
North,  for  a  distance  of  35  miles,  and  then  parallel  ones  to  it,  through  points 
10  miles  east  and  10  miles  west  from  the  centre  line,  we  shall  in  thb  area  of 
700  square  miles,  include  the  high  and  uncultivated  districts  bounding 
Airedale,  Wharfedale,  Nidderdale,  Wensleydale,  Arkendale  and  Swaledale; 
in  which  I  believe  all  the  lead  mines  in  this  county,  that  have  been  or  are 
being  worked  to  any  extent,  are  situated. 

The  strata  throughout  the  whole  of  this  area,  are  (like  those  of  the  great 
lead- bearing  dbtricts  of  Northumberland,  Cumberland,  and  Durham,  and 
also  of  Derbyshire)  the  lower  members  of  the  Carboniferous  Series. 

Although  the  same  class  of  rocks  prevaib  throughout  our  lead-bearing 
districts,  we  do  not  always  find  each  individual  stratum  to  occur,  even  in 
mines  in  the  immediate  vicinity  of  each  other ;  and  when  they  do  exist,  their 
thickness  is  frequently  found  to  vary  considerably. 

It  is  therefore  impossible  to  make  a  section,  that  would  correspond  with 
every  mining  district,  or  even  hold  good  throughout  a  single  mining  field. 

Plate  XVIII.  figs.  1,  2,  and  S,  are  sections  of  the  strata  sunk  through  in 
three  of  the  shafts  on  the  Grassington  Mines  in  Wharfedale.  From  these  it 
will  be  observed,  that  even  in  situations  so  close  to  each  other,  the  thickness 
of  the  beds  varies  considerably. 

The  greatest  thickness  of  Limestone  yet  proved  at  Grassington  is  66  yards^ 
whereas  at  the  Cockhill  Mines,  near  Pateley  Bridge,  only  about  6  miles 
distant,  it  is  found  to  be  at  least  180  yards  thick. 

In  the  metalliferous  portion  of  the  Carboniferous  rocks,  we  have  the 
Rake  Vein,  the  Pipe  or  Tube  Vein,  and  the  lateral  embedded,  or  Flat  Vein. 

The  first  has  the  appearance  of  a  rent  or  fissure  in  the  strata,  extending 
to  a  great  length,  and  generally  to  an  unknown  depth.  The  second,  or 
Pipe  Vein,  has  the  form  of  an  irregular  tube,  is  met  with  in  certain  strata, 
(generally  Limestone),  and  dips  with  the  beds,  or  passes  more  or  less  diago* 
nally  through  them,  for  a  great  length.  The  Flat  Vein  is  seldom  met  with, 
except  in  connexion  with  some  Rake  Vein,  but  has  always  a  position  con- 
formable to  the  stratum  in  which  it  is  embedded. 

The  Rake  Veins  are  by  far  the  most  numerous  in  every  district,  and  the 
phenomena  presented  by  them  the  most  varied  and  complicated.  The 
greater  portion  of  our  lead  ore  likewise  is  obtained  from  them. 

The  longitudinal  course,  or  "  bearing,*'  of  a  Rake  Vein,  is  seldom  (if  ever) 
a  perfectly  straight  line ;  but,  for  the  most  part,  it  gives  a  tolerably  direct 
bearing  throughout  its  entire  length. 

The  downward  course  of  these  veins  varies  considerably  in  the  angles 
formed  with  the  vertical.  The  "  Hade,"  or  inclination,  is  likewise  more  toward 
a  horizontal  position,  in  the  soft  or  Argillaceous  Beds,  than  in  the  more  hard 
and  solid  rocks ;  and  sometimes  in  passing  a  seam  of  Coal  or  of  soft  Clay,  it 
takes  the  direction  of  the  stratum  for  a  greater  or  less  distance.  (See  figs. 
4,  5,  and  6.) 

The  width  of  the  vein  is  not  uniform  throughout  its  whole  length;  it 
frequently  opens  out  from  a  width  of  a  foot  or  two,  to  one  of  as  many  yards^ 
and  then  contracts  until  it  becomes  a  mere  thread  or  joint* 
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At  tie  Cononley  Mine  in  Airedale,  the  vein  is  frequently  found  to  vary 
from  an  inch  or  two  in  width,  to  five  or  six  yards,  and  that,  within  a  longitu- 
dinal distance  of  a  few  feet  The  width  of  a  vein  varies  also  with  a  change 
of  strata ;  it  is  much  greater  in  the  hard  strata,  where  it  has  a  more  erect 
position  than  in  the  soft ;  it  is  generally  more  open  in  the  Limestone  than  in 
the  Gritstone,  and  very  much  contracted  in  the  plate  or  shale.  Frequently 
we  find  the  vein  to  be  4  or  5  feet  wide  in  the  Grit  or  the  Limestone,  when 
it  is  scarcely  perceptible  in  the  plate. 

The  beginning  or  termination  of  a  vein  longitudinally,  is  seldom  explored  ; 
where  this  has  been  done,  the  vein  is  found  to  ramify  at  acute  angles,  and 
the  branches  quickly  terminate. 

A  remarkable  instance  of  this  recently  occurred  at  the  Grassington  Mines. 
In  these  mines,  three  levels  were  being  driven  eastward  on  the  Cavendish 
Vein,  at  the  respective  depths  of  20,  S?^  and  50  fathoms  from  the  surface. 
The  20-fathom  level  was  in  a  stratum,  locally  known  as  the  <  Top  Grit ;'  the 
S7  in  the  '  Bearing  or  Main  Grit ;'  and  the  5()-fathom  level  in  the  Limestone. 

Each  level  was  at  the  time  yielding  from  6  to  9  tons  of  rich  lead  ore  from 
every  fathom  driven.  Many  parties  who  went  underground  in  this  mine,  after 
some  length  of  such  rich  ground  had  been  explored,  and  while  the  levels 
continued  to  yield  at  that  rate,  concluded  that  ground  was  being  laid  open 
from  which  immense  profits  could  be  made,  for  many  years  to  come ;  and 
they  were  correct,  so  far  as  they  had  an  opportunity  of  judging ;  for,  had 
the  levels  continued  to  open  out  such  rich  ground,  no  difficulty  would  have 
been  found  in  making  a  profit  of  40,000/.  or  50,000iL  a  year  from  these  mines. 

Unfortunately  a  change  soon  took  place.  The  first  cause  for  apprehen- 
sion noticed,  was  the  wedge-like  point  of  thin  beds  of  Plate,  introduced  in 
difierent  parts  of  the  *<  Bearing  GriV'  in  the  37-fathom  level.  As  these  became 
more  numerous,  and  of  greater  thickness,  the  vein  began  to  throw  ofi* 
branches  on  either  side,  and  in  the  course  of  a  few  fathoms  there  was  not  a 
trace  of  the  vein  to  be  seen.  As  the  upper  and  lower  levels  (the  20  and 
50)  approached  the  same  perpendicular  point  eastward,  the  vein  in  each  case 
ramifieid  into  numerous  strings.  First,  one  branch  was  followed,  and  then 
another,  until  they  disappeared  entirely.  At  about  60  fathoms  eastwards 
from  where  all  trace  of  this  vein  was  thus  lost,  a  ^*  Crosscut  '*  (that  is,  a  level  at 
right  angles  to  the  general  bearing  of  the  veins)  was  driven  to  some  consi- 
derable distance  both  North  and  South  of  where  it  should  have  been  inter- 
sected, had  it  continued  eastward;  but  without  discovering  the  slightest 
symptom  of  a  vein. 

The  Rake  Veins  are  generally  found  to  be  **  Fault  Veins."  As  a  rule,  the 
strata  are  lower  on  that  side  to  which  a  vein  hades  or  inclines,  called  the 
hanging  wall,  than  on  the  one  upon  which  it  rests,  known  as  the  footwall 
of  the  vein.  Thus  a  vein  with  the  beds  on  the  north  side  thrown  up,  will 
hade  or  underlie  to  the  south.    (See  figs.  4  &  5.) 

The  extent  of  the  throw,  or  difference  of  level  of  the  corresponding 
strata,  varies  from  a  few  inches  to  20  or  SO  fathoms ;  and  such  a  difference 
is  often  met  with  when  veins  are  in  the  immediate  vicinity  of  each  other. 
The  extent  of  the  throw  is  generally  considered  to  denote  the  strength  of 
the  vein.  A  vein  with  a  difference  in  the  level  of  the  strata  of  from  6  to 
18  feet,  is  regarded  by  the  miner  with  more  favour  than  one  with  a  greater 
or  less  throw.  Such  a  throw  is  considered  evidence  of  sufficient  strength  of 
vein  to  ensure  its  continuity  at  a  moderate  size,  and  not  such  as  to  destroy 
the  effect  which  certain  beds  are  supposed  to  produce,  when  they  are  found 
in  the  same  horizontal  line,  on  each  side  of  the  vein. 

When  rocks  of  a  difierent  character  are  brought  into  the  same  horizontal 
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line,  that  ii,  when  Gritstone  on  one  side  of  the  vein  is  opposed  to  Plate  on 
the  other,  and  Limestone  to  Gritstone,  or  Limestone  to  Shale,  the  veins  are 
not  often  found  productive  of  Lead  ores.  There  are,  however,  many  ex- 
ceptions to  this  rule.  At  the  Grassington  Mines  are  two  parallel  veins, 
within  80  fathoms  of  each  other,  both  throwing  the  south  side  down  to  sach 
an  extent,  as  to  cause  Plate  to  be  opposed  to  Gritstone,  Plate  to  Limestone, 
and  Gritstone  to  Limestone,  and  so  on  throughout  the  whole  depth  explored 
on  them.  (See  fig.  5.)  So  circumstanced,  one  of  these  veins  yielded  great 
abundance  of  ore,  while  the  other  proved  to  be  totally  barren. 

We  often  find,  when  the  vein  occasions  a  throw  of  some  two  or  three 
fathoms,  that  the  ore  does  not  extend  above  the  change  of  strata  on  the 
hanging  side,  nor  below  the  change  on  the  lying  or  footwall ;  for  instance, 
when  the  bed  of  Grit  or  Limestone  is  10  fathoms  thick,  and  the  throw  of 
the  strata  is  S  fathoms,  we  have  only  7  fathoms  in  height  of  ore ;  but  in 
some  cases  the  ore  is  found  to  extend  the  full  thickness  of  the  bed  with  the 
addition  of  the  extent  of  the  throw.  Diagram  4  represents  a  transverse  sec- 
tion of  such  a  vein  in  the  Grassington  Mines,  from  which  considerable  quan- 
tities of  ore  are  now  being  raised. 

The  strata  on  each  side  of  a  vein  are  not  only  at  difibrent  levels,  but  near 
the  vein  they  have  a  difierent  position,  being  bent  upwards  on  the  one  side 
and  downwards  on  the  other.  As  a  rule,  the  strata  on  the  higher  side  are 
bent  downwards  to  the  vein,  and  on  the  depressed  side  from  it.  Thus,  if 
in  driving  a  crosscut  southward,  in  search  of  a  vein  ranging  east  and  west, 
we  arrive  at  a  point  where  the  beds  assume  a  faster  dip,  our  approach  to  a 
vein  that  throws  the  strata  down  on  the  south  side,  is  inferred ;  while,  if  in 
driving  northward,  the  beds  curve  quickly  upwards,  we  anticipate  a  veia 
with  the  north-side  strata  at  a  higher  level.    (See  fig.  5.) 

In  each  of  our  Lead-bearing  districts,  the  strata  consist  of  numerous 
alternating  beds  of  Plate,  Gritstone,  and  Limestone ;  forming  the  Yoredale 
Rocks  of  Professor  Phillips. 

The  veins  are  found  to  traverse  or  pass  through  all  these  beds,  but  gene- 
rally speaking,  it  b  only  in  certain  of  them  that  Lead  ore  is  found ;  the 
Limestone  being  the  prevalently  productive  stratum  in  some  districts,  whilst 
in  others  the  principal  yield  of  ore  is  from  the  Gritstone.  The  Argillaceous 
Plates  seldom  yield  ore ;  but  there  is  an  exception  to  this  in  the  Cononley 
Mines,  where  bunches  of  ore  have  continued  from  the  surface,  to  a  depth 
of  more  than  30  fathoms ;  although  the  alternations  of  Plates  and  Gritstones 
are  exceedingly  numerous,  and  the  Plates  much  thicker  than  the  Gritstone 
beds. 

From  these  facts  it  follows,  that  a  rule,  by  which  to  calculate  on  metallic 
products  from  certain  rocks,  will  not  admit  of  general  application ;  but  we 
may  carry  it  so  far  as  to  say,  that  in  a  given  district,  certain  beds  generally 
are,  and  others  generally  are  not,  productive. 

Many  veins,  particularly  in  our  more  Northern  fields,  preserve  a  tolerably 
direct  course  for  a  considerable  distance.  The  Old  Gang  Vein  in  Swaledale, 
for  instance,  has  been  worked  for  several  miles  in  length,  and  can  be  traced 
to  a  much  greater  distance  in  nearly  a  straight  line. 

In  our  three  Northern  Mining  Fields, — Swaledale,  Arkendale,  and  Wens- 
leydale— ^e  veins  appear  to  be  more  regular  in  size  and  direction,  and  the 
beds  preserve  a  more  uniform  thickness,  than  in  the  three  Southern  Fields. 
In  the  former,  likewise,  the  calcareous  beds  have  been  the  principal  sources 
of  produce ;  whereas,  in  our  Southern  ones,  the  greater  portion  of  the  ore 
has  been,  and  still  is  being  produced,  from  the  Gritstone. 

There  are  other  causes  by  which  the  productiveness  of  the  veins  appear 
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to  be  inflaeneedy  that  are  peculmr  to  the  Mines  of  oar  three  Northern  Dalei^ 
while  certain  characteristics  more  particularly  pertain  to  our  Southern  Mi* 
ning  Fields.  We  maj>  therefore,  for  all  the  purposes  of  this  paper>  treat  the 
Lead  Mines  of  this  county,  as  belonging  to  two  great  Mineral  DistrictSi  the 
Northern  and  the  Southern* 

In  each  district  we  have  the  Rake,  the  Pipe,  and  the  Flat  Veins.  The 
ores  from  the  Pipe  and  Flat  Veins  are  generally  found  more  fusible  in  the 
furnace,  and  to  yield  a  higher  per  centage  of  lead,  than  those  fVom  the  Rake 
Veins;  and  the  ores  from  the  Limestones  (whether  produced  from  the 
Rake,  Pipe,  or  Flat  Vein)  are  found  to  be  more  easily  reduced,  and  to  make 
a  much  better  quality  of  metal  for  White  Lead,  than  those  from  the  Grit- 
stone. 

Here,  I  would  refer  to  a  correspondence,  which  took  place  some  few 
months  ago,  in  the  columns  of  the  ^  Mining  Journal,'  on  the  subject  of  Slick* 
ensides.  It  was  there  asserted  that  Slickensides  had  never  been  met  with 
in  Gritstone.  I  am  pre^red  to  meet  this  assertion,  by  the  production  of 
the  specimen  obtained  from  the  Gritstone  in  the  Grassington  Mines;  and 
with  the  exception  of  one  from  the  same  place,  which  I  gave  to  the  late 
Duke  of  Devonshire,  I  much  question  there  being  a  better  specimen  in  the 
country. 

The  Slickensides  first  appeared  at  the  point  of  junction  of  two  veins,  and 
continued  their  course  in  a  perfectly  straight  line  in  the  centre  of  the  joint 
vein,  for  about  70  yards  in  length ;  or  they  might  perhaps  more  correctly  be 
said  to  have  still  divided  the  two  veins,  forming  the  North  side  of  the  one^ 
and  the  South  side  of  the  other.    (See  fig.  ?•) 

We  could  have  procured  specimens  from  either  side,  with  as  good  a  sor* 
face  as  the  one  exhibited,  but  not  so  large.  It  was  only  from  the  South 
side  that  they  could  be  obtained  of  any  size,  the  other  being  so  cracked 
horizontally,  that  it  was  seldom  a  piece  could  be  broken  o^  more  than 
an  inch  or  two  wide ;  in  fact,  the  cracks  on  Uiis  side  were  almost  as  nume* 
rotts  as  the  strifls  on  the  surftioe  of  the  North. 

The  vein,  throughout  the  whole  length  in  which  the  Slickensides  were 
found,  maintained  nearly  a  perpendicular  position ;  and  the  strisa  were  as 
nearly  horizontal.  In  many  parts  of  the  vein,  we  had  the  Uiickness  of  a  foot 
of  solid  ore  behind  each  face  of  Slickenside. 

Many  present  will  no  doubt  have  read  or  heard  of  the  phenomena  reported 
to  have  attended  the  laying  open  of  Slickensides  in  Germany;  that  the 
miner  has  at  times  been  much  frightened  by  the  loud  reports  occasioned 
by  the  explosicms. 

When  driving  our  level  in  the  Slickensides,  we  genendly  worked  forward 
on  the  North  side,  leaving  the  South,  or  strong  side,  standing  for  6  or  8  yards 
in  length ;  and  on  more  than  one  occasion,  the  workmen  spoke  of  the  reports 
they  heard,  sometimes  as  loud  as  that  of  a  small  pistol.  At  such  times^ 
numerous  places  could  be  seen  where  pieces  had  been  blistered,  and  blown 
away  from  the  face  of  the  Slickenside ;  which  presented  much  the  same  ap* 
pearance  as  a  wall  recently  plastered  with  very  imperfectly'slacked  lime,  but 
on  a  much  larger  scale. 

The  ore  from  a  vein  carrying  much  Slickenside,  requires  generally  a 
higher  temperature,  and  is  altogether  more  refractory  in  the  furnace  than 
that  from  one  free  from  it. 

As  a  general  rule,  the  greatest  number  of  veins  in  each  Mining  district 
are  found  to  run  nearly  parallel  to  each  other.  There  are  others  &at  form 
angles  more  or  less  acute,  with  the  predominant  direction;  which,  in  the 
Northern  District,  is  a  little  North  of  East^  and  Sottt)i  of  West;  whilst  in 
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oui^  Southern  Fieldflj  the  general  direction  is  North  of  West,  and  South  of 
East. 

Where  the  veins  of  the  more  usual  line  of  direction  are  crossed  by 
oblique  or  ^'  caunter  "  veins,  we  frequently  find  the  traversed  ones  to  be  shifted 
or  thrown  off  their  course,  and  often  ramified  by  those  so  traversiug ;  and 
sometimes  they  undergo  a  curvature  on  one  side,  near  the  cross  vein. 

As  a  rule,  if  the  oblique  or  <*  caunter  "  vein  be  first  met  with  on  the  right-^ 
hand  side,  the  shift  will  be  to  the  left ;  and  if  on  the  contrary,  the  heave 
will  be  to  the  right ;  or  in  other  words,  the  vein  is  heaved  on  the  side  of  the 
obtuse  angle  formed  by  the  intersecting  planes.    (See  fig.  8  ;  A,  B,  A.) 

To  this  rule  there  are  however  many  exceptions,  and  a  remarkable  one 
occurred  at  the  Grassington  Mines,  which  is  represented  by  Fig.  8.  On 
finding  the  vein  A  A  shifted,  the  level,  as  usual,  was  turned  on  the  side  of  the 
obtuse  angle,  and  driven  forward  on  the  vein  B  some  considerable  distance, 
till,  despairing  of  finding  the  vein  in  this  direction,  and  after  carefully  exami- 
ning the  surface,  and  some  old  works  in  the  vicinity,  we  returned  to  the  point 
of  intersection,  and  began  a  level  northward  at  nearly  right  angles  to  the 
traversed  vein ;  which  in  course  of  time  was  found  to  be  heaved  or  thrown 
backwards  some  50  yards.    (See  fig.  8 ;  A  A,  B  B,  A  A.) 

In  heaves  of  this  class,  the  veins  are  consequently  lengthened ;  while  they 
are  shortened  when  thrown  or  shifted  on  the  side  of  the  obtuse  angle* 

The  dislocation  of  one  vein  by  another  is  likewise  indicative  of  its  ante* 
rior  existence. 

When  one  or  both  of  the  veins  produce  ore  up  to  the  point  at  which  they 
meet,  the  yield  is  often  increased  by  their  junction.  The  extent  of  the  angle 
formed  by  two  veins  is  looked  upon  with  some  interest  by  the  Miner ;  the 
more  acute  it  is,  the  more  favourable  is  their  union  considered  to  be  for  the 
production  of  metallic  Mineral. 

At  Grassington,  it  is  found  that  many  of  the  direct  veins  are  not  heaved 
by  the  oblique  or  ^*  caunter"  ones,  but  are  so  split  or  ramified,  that  it  is  with 
difficulty  they  can  be  traced  on  the  other  side  of  the  intersection.  The 
usual  course  in  such  cases  is  to  go  forward  on  the^'caunter"  vein,  some  fathoms 
beyond  the  point  of  Intersection,  and  drive  a  crosscut ;  when  the  branches 
are  often  found  to  have  united,  and  the  vein  to  be  reconstructed. 

When  the  displacement  of  the  strata  is  so  great  as  to  cause  beds  of  dif* 
ferent  mineral  character  to  be  opposed  to  each  other,  fragments  of  the  en- 
closing rocks  form  a  considerable  portion  of  the  contents  of  the  vein. 

The  general  composition  of  the  veins  is  Calcareous  Spar,  Fluor  Spar, 
Barytes,  and  occasionally  Calamine.  In  some  districts  one  of  these  minerals 
prevails,  in  others  another. 

A  vein  enclosed  by  regularly  stratified  Gritstone  is  productive,  almost 
entirely,  of  Galena,  which  forms  the  principal  yield  of  Lead  Ores  through- 
out the  world.  Cases  have,  however,  occurred,  when  a  somewhat  thin  stra- 
tum of  Grit,  superimposed  on  an  Argillaceous  Shale  of  moderate  thickness, 
has  exclusively  contained  large  quantities  of  decomposing  Galena,  earthy 
Carbonates,  and  imperfectly  crystallized  Carbonates.  In  the  former  case,  the 
ore  lies  mostly  in  more  or  less  solid  ribs,  approximately  parallel  to  the  walls 
of  the  vein ;  while  in  the  latter,  the  lode  is  found  loosely  filled  with  various 
sized  pieces,  in  different  stages  of  chemical  decomposition. 

When  the  beds  of  Gritstone  and  Shale  are  much  broken  and  displaced 
(as  id  usual  in  the  vicinity  of  an  anticlinal  axis,  or  contiguous  to  a  line  of 
extensive  fault),  or  when  the  beds  of  Shale  are  individually  thicker  than  the 
respective  Gritstones,  the  vein  throughout  its  productive  depth  principally 
yields  irregular  strings  and  small  bunches  of  Galena ;  whilst  its  upper  part 
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mosU  J  carries  considerable  deposits,  of  mixed  rich  and  poor  earthy,  compact, 
.and  crystallized  Carbonates. 

In  such  ground,  when  the  vein  is  very  wide  and  encloses  detached  masses 
of  Gritstone,  or  when  the  sides  of  the  lode  are  much  disturbed  and  broken, 
large  crystals  of  the  Carbonate  are  frequently  found  pressed  flat  upon  the 
faces  formed  by  the  jointing  and  bedding  planes  of  such  Sandstone,  for 
some  distance  from  the  body  of  the  ore. 

The  Limestone  beds  usually  favour  the  deposits  of  rich  Galena  in  self 
lumps,  or  nodules  of  various  sizes.  These  self  lumps  are  often  coated  with 
an  earthy  white  Carbonate,  which  is  also  frequently  found  filling  the  small 
interstices  in  the  adjacent  rock,  and  likewise  as  a  deposit  in  the  nests  formed 
by  those  sudden  enlargements  and  contractions  so  usual  in  veins  traversing 
the  Limestone  beds.  Not  many  of  the  other  Lead  Ores  (which  are  seldom 
met  with,  and  consequently  of  little  commercial  value)  have  been  found  in 
our  Yorkshire  Mines. 

Minium  is  stated,  in  most  Mineralogical  works,  to  have  been  found  on 
Grassington  Moor;  but  I  have  never  seen,  nor  heard  of  any  from  there, 
and  certainly  for  twenty-six  years  past  none  has  been  found.  The  Phos- 
phate and  Arsenio-phosphate  were  formerly  found  at  Grassington,  principally 
in  the  Gritstone. 

A  small  piece  of  native  Lead  has  also  been  obtained  from  the  Gritstone 
in  those  mines  within  the  last  four  years. 

In  each  district  we  have  numerous  mines ;  some^  that  a  few  years  ago 
were  highly  productive,  are  now  nearly  exhausted;  others,  though  but 
recently  opened,  are  yielding  well;  and  there  is  no  doubt  there  are  many  rich 
veins  yet  undiscovered  in  both  districts. 

By  far  the  greater  portion  of  the  present  produce  from  the  Northern  dis- 
trict is  from  the  Old  Gang  Mine,  in  Ariiendale ;  and  the  Kell  Head  Mine, 
in  Wensleydale ;  while  the  Grassington  Mines  in  Wharfedalc  yield  about 
two-thirds  of  the  produce  of  the  Southern  district.  The  produce  of  the 
county  in  1856  was  89S3  tons  of  Pig  Lead,  or  about  |th  of  the  total  returns 
of  the  United  Kingdom. 

The  difficulties  and  uncertainties  which  attend  mining  for  Metallic  Mine- 
rals are  not  generally  known. 

Many  large  and  regular  veins  (although  presenting  very  encouraging  fea- 
tures) prove  totally  destitute  of  metallic  mineral ;  others  make  rich  deposits 
of  ore,  but  of  very  limited  extent ;  and  in  our  most  profitable  mines,  a  con- 
siderable extent  of  barren  ground  must  needs  be  opened,  even  on  the  best 
producing  veins. 

At  the  Cononley  Mines,  for  instance,  although  profitable  for  many  years 
past,  the  levels  (which  are  very  extensive)  have  laid  open  more  than  20 
fathoms  of  totally  unmetalliferous,  for  every  fathom  of  productive  ground. 

The  Sections  produced  tend  to  show  that  Lead  Mining  in  the  secondary 
formation  is  more  uncertain  in  its  character  than  in  the  more  primitive 
rocks.  When  ore  is  discovered  in  the  latter,  it  is  reasonably  expected  to 
continue  upwards  and  downwards  to  some  considerable  extent ;  whereas,  in  a 
stratified  country,  and  where  the  bearing  beds  are  not  individually  thick,  the 
ore  at  best  will  not  exceed  a  few  fathoms  in  height  of  depth,  and  moreover 
levels  may  be  driven  in  certain  beds  without  the  slightest  chance  of  success. 

In  one  respect  the  stratified  district  ofiers  the  advantage.  The  nature 
and  thickness  of  the  bearing  beds,  and  the  inclination  of  the  strata  being 
known,  we  can  generally  determine  the  elevation  for  commencing  an  Adit, 
or  water  level,  to  drain  the  productive  parts  of  the  veins  ;  and  thus  avoid 
the  cost  of  engine  power  for  pumping,  and  other  expenses. 
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Mining  for  Metallic  Minerals,  whether  in  the  primitiTe  or  teoondary  for- 
mation, is  of  a  much  more  uncertain  and  speculative  character  than  that  for 
Coal.  In  the  Coal  Measures,  we  can  ascertain  at  a  moderate  expense,  by 
boring,  whether  seams  of  Coal  exist ;  and  if  existing,  their  thickness.  This 
being  learnt,  an  approximate  estimate  of  the  quantity  of  saleable  Coal  in  a 
given  area,  and  the  cost  of  its  get,  is  no  difficult  matter. 

With  the  Rake  and  Pipe  Veins  of  the  Lead  Fields,  the  case  is  different 
A  vein  which  generally  approaches  the  perpendicular,  rather  than  otherwise, 
presents  little  chance  of  being  probed  by  boring;  and  even  should  it  be 
pierced,  the  mineral  capable  of  extraction  through  a  borehole  would  afford 
very  unsafe  data  by  which  to  judge  the  value  of  the  vein.  The  hole  might 
quite  possibly  pass  through  the  only  portion  of  ore  contained  within  many 
nithoms ;  or,  with  an  equal  possibility,  penetrate  the  poor  part  of  a  vein, 
which  at  any  other  point  would  have  yielded  widely  different  data. 

Mineral  veins  diay  be,  and  frequently  are,  discovered  (in  places  where  the 
surface  of  the  rock  is  to  be  seen)  by  the  fracture  and  interruption  in  the 
regularity  of  the  strata. 

In  all  Mining  districts,  but  especially  in  a  stratified  country,  the  pheno- 
mena presented  by  veins,  their  frequent  heaves  and  dislocations,  and  their 
varied  appearances  when  bounded  by  different  rocks,  call  for  very  close 
attention;  and  even  a  dependence  upon  knowledge  acquired  in  one  district, 
may  prove  fatal  in  another. 

The  Miner  should  be  perfectly  acquainted  with  the  nature  of  those  sub- 
stances, which  it  is  his  daily  task  to  seek  in  the  bowels  of  the  earth,-— afl 
well  as  with  those  which,  though  perhaps  worthless  in  themselves,  generally 
indicate  the  presence  or  absence  of  the  immediate  objects  of  his  search. 
Long  and  practical  experience,  combined  with  a  knowledge  of  Geology 
and  Mineralogy,  can  alone  furnish  him  with  this  requisition ;  and  is  there- 
fore essential  to  success. 


On  the  Collapse  of  Glass  Globes  and  Cylinders. 
By  W.  Fairbairn,  F.R.S. 

At  the  Meeting  of  the  British  Association  last  year,  a  paper  was  read  upon 
the  Collapse  of  Cylindrical  Wrought-iron  Riveted  Tubes  by  a  uniform 
external  force.  These  experiments  upon  a  ductile  and  fibrous  material,  led 
to  some  novel  and  important  results,  and  suggested  the  propriety  of  similarly 
testing  the  resisting  powers  of  a  perfectly  homogeneous  crystalline  and 
rigid  material,  in  order  that  our  knowledge  of  the  laws  which  govern  the 
resistance  of  vessels  to  collapse,  might  be  confirmed  and  extended. 

For  this  purpose,  glass  was  the  material  selected,  not  only  on  account  of 
its  fulfilling  better  than  almost  any  other  material  the  conditions  sought  for, 
and  from  the  ease  with  which  it  could  be  manufactured  into  the  required 
forms ;  but  also  because  it  was  hoped  that  the  results  would  be  practically  of 
value  in  those  cases  in  the  arts  and  in  experimental  science  in  which  it  is  so 
extensively  employed. 

The  experiments  were  conducted  m  a  similar  manner  to  those  upon  iron. 
Some  glass  cylinders  and  globes  were  procured  direct  from  the  glass-house, 
blown  out  of  good  flint-glass.  The  open  ends  of  these  were  then  hermetically 
sealed  by  the  blow-pipe,  and  they  .were  placed  in  a  strong  wrought-iron  vessel, 
capable  of  sustaining  a  pressure  of  2500  lbs.  per  square  inch.  Water  was 
then  pumped  in  by  means  of  a  force-pump,  and  the  pressure  was  recorded 
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by  a  Schfl^er  gauge*    The  point  of  rupture  was  indicated  by  an  explosion 
within  the  vessel,  and  by  the  sudden  decrease  of  pressure. 

The  first  experiments  were  upon  glass  globes,  intended  to  be  perfectly 
spherical,  but  in  most  instances  somewhat  flattened  upon  the  side  opposite 
to  that  from  which  they  were  blown.  Notwithstanding,  however,  this  ellip- 
ticity,  some  of  the  globes  bore  enormously  high  pressures,  especially  when 
the  extreme  tenuity  of  the  ^ass  is  considered,  amounting  to  from  one  to 
two  hundredths  of  an  inch  in  thickness  only. 

Table  I. — Strength  of  Gloss  Globes  to  resist  a  uniform  external  pressure. 


Mark. 

Diametcm. 

ThiekneM. 

CoUapalag  pnaMn. 

inches. 

inehet. 

inch. 

L 

5-05 

476 

0^14 

M 

5-08 

470 

0-018 

410 

K 

4W 

472 

0OS2 

470 

B 

6-60 

— 

(HiiO 

476 

N 

8-22 

7-46 

0K)10 

35 

C 

8*20 

7S0 

0H)12 

49 

D 

8-20 

7-40 

0-015 

60 

It  will  be  seen  that,  notwithstanding  the  extreme  thinness  of  the  glass, 
the  pressures  range  as  high  as  475  lbs.  per  square  inch  over  every  square 
inch  of  surface,  equivalent  to  a  total  pressure  of  20  tons  upon  a  5^inch 
globe  ^th  of  an  inch  thick,  before  it  was  fractured. 

Unfortunately  the  8-inch  globes  were  all  elliptical  to  a  serious  extent, 
and  hence  in  these  the  collapsing  pressure  was  greatly  reduced,  ranging 
from  35  to  60  lbs.  per  square  inch  only. 

The  next  results  are  upon  glass  cylinders,  blown  with  hemispherical  ends. 
In  the  experiments  upon  iron,  the  remarkable  law  had  been  deduced  that 
the  strength  of  cylindrical  vessels  of  that  material,  exposed  to  a  uniform 
external  pressure,  varied  inversely  as  the  length.  Thus  with  vessels  precisely 
similar  in  other  respects,  one  twice  the  length  of  another  bore  only  half  the 
pressure,  one  three  times  the  length  bore  only  one-third  of  the  pressure,  and 
so  on.  From  the  following  experiments  it  will  be  seen  that  a  similar  law 
applies  in  the  case  of  homogeneous  glass  cylinders. 

Table  II. — Strength  of  Glass  Cylinders  to  resist  a  uniform  external 

pressure. 


Mark. 

Diaaeter. 

Length. 

ThiekncM. 

inchn. 

inches. 

inch. 

Ibe. 

B 

4-06 

m 

•048 

180 

G 

4H» 

m 

•064 

297 

H 

3-98 

14 

•076 

382 

P 

4-05 

7 

•046 

380 

Q 

405 

7 

•034 

202 

T 

3*09 

14 

•024 

85 

R 

8-08 

14 

•082 

103 

S 

8-25 

14 

•042 

175 

These  cylinders,  though  of  high  resisting  powers,  sustain  considerably  less 
pressure  than  the  globes.  Comparing  cylinders  £  and  P,  14?  and  7  inches 
long  respectively,  and  of  the  same  diameter  and  thickness  of  glass,  we  find 
the  longer  was  crushed  with  about  half  the  pressure  which  was  requisite  to 
collapse  the  shorter  cylinder,  which  is  a  confirmation  of  the  law  deduced  for 
iron  tubes. 
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The  general  formula  for  the  globes  takes  the  form  of  the  following  eqaa< 

tiOD, 

P  being  the  collapsing  pressure  in  lbs*  per  square  inch;  D=diameter; 
1=  thickness  of  glass.  Similarly,  putting  L=: length,  the  formula  for  the 
cylinders  is 

p_Cxrf 
which  is  precisely  similar  to  that  for  iron  tubes. 


Report  on  the  Marine  Fauna  of  the  South  and  West  Coasts  of  Ireland. 
By  E.  Perceval  Wright,  M.B.,  A.B.,  FX.S.,  M.RJ.A.,  Di- 
rector of  the  Museum,  and  Lecturer  on  Zoology,  University  of 
Dublin;  and  J.  Reay  Greene,  A.B.y  M.RJ.A.,  Professor  qf 
Natural  History,  Queer's  College,  Cork.    Part  L  (1858). 

At  the  last  Meeting  of  the  British  Association,  a  Committee  consisting  of 
Drs.  £.  Perceval  Wright,  Melville,  and  Kinahan,  was  appointed  to  investigate 
the  marine  Zoology  of  the  south  and  west  Coasts  of  Ireland. 

Professor  J.  Reay  Greene  and  Dr.  Carte  of  Dublin  were  subsequently 
added  to  the  Committee. 

The  region  marked  out  for  their  observations  extends  from  Camsore  Point 
in  the  Co.  of  Wexford,  to  Gweedore  Bay  in  the  Co.  Donegal,  and  embraces  a 
coast  line  of  several  hundreds  of  miles.  It  was  evident  that  so  vast  a  district 
could  only  be  investigated  by  the  labours  of  several  years,  and  hence,  on 
mature  deliberation,  the  Committee  determined  to  devote  themselves  and 
the  money  grant  placed  at  their  disposal  by  the  Council  for  1858»  to  in- 
vestigate parts  of  the  Cos.  Waterford,  Cork,  and  Kerry ;  reserving  the  Coasts 
of  Clare  and  Galway  for  the  next  ensuing  summer,  and  those  of  Mayo, 
Sligo,  and  Donegal  for  another  year ;  hoping,  at  the  expiration  of  this  period, 
to  be  able  to  communicate  to  tlie  British  Association  a  Report,  which,  with 
the  joint  Reports  from  the  North  of  Ireland  and  Dublin  Bay  Dredging  Com- 
mittee, will  enable  us  to  draw  up  a  final  Report  on  the  Irish  Marine  Fauna, 
which  shall  be  entitled  to  act  a  second  part  to  that  by  the  late  Professor  £• 
Forbes  "  On  the  investigation  of  the  British  Marine  Fauna,"  published  in 
1850. 

Such  being  our  intention,  we  wish  it  to  be  understood  that  the  present 
Report  is  merely  provisional,  and  that  we  refrain  from  deducing  any  theories 
from  the  facts  observed,  until  we  have  the  entire  district  examined. 

Early  in  July  1858,  we  proceeded  to  investigate  the  first  selected  region, 
and  a  list  of  the  stations  from  which  the  coast  at  each  side  was  explored  is 
given,  t.  e.  1.  Carnsore  Point;  2.  Saltees;  3.  Hook  Head;  4^  Dunmore; 
5.  Tramore;  6.  Youghal;  7.  Cork  Harbour;  8.  Kinsale;  9.  Rosscarberry ; 
10.  Castietownsend ;  11.  Baltimore;  12.  Cape  Clear  Island;  13.  Skull; 
l^.  Crookhaven  ;  15.  GlengariflT;  16.  Berehaven  ;  17.  Ardgroom;  18.  Cap 
hersiveen;  19.  Valentia;  20.  Dingle;  21.  Ventry;  22.  the  Blasquet  Islands. 

Several  portions  of  this  district  had  from  time  to  time  been  investigated 
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by  various  Irish  nataralists,  and  previous  to  setting  out  on  our  explorations, 
we  carefully  noted  the  result  of  their  labours,  in  order  that  we  might  corro* 
borate  all  doubtful  localities  given  by  them,  and  also  have  the  benefit  of  their 
past  experience;  the  localities  so  investigated,  were  Youghal  by  the  late  Dr. 
Ball,  Cork  Harbour  by  J.  Vaughan  Thompson  and  others,  Courtmacsherry 
and  Bantry  Bays  by  Professor  Allman,  Dingle  Bay  by  W.  Andrews,  and 
Yalentia  by  Professor  Kinahan. 

Considering  that  we  could  not  gain  a  correct  knowledge  of  the  Fauna 
without  devoting  a  good  deal  of  attention  to  <*  shore  collecting,"  we  took 
frequent  occasion,  at  the  period  of  low  tides,  to  investigate  the  littoral  zone : 
and  to  this  fact  may  be  ascribed  the  discovery  of  a  large  number  of  new 
Irish  Zoantharia,  and  many  interesting  Nndibranch  Mollusca. 

The  geologic  structure  of  the  coast,  for  the  most  part  Devonian  and  Silurian, 
b  such,  that  *'  shore  collecting  "  cannot  be  prosecuted  unless  with  the  assist- 
ance of  boats :  as  sheer  precipices,  oflten  hundreds  of  feet  high  and  rising 
perpendicularly  out  of  the  water,  quite  preclude  access  to  the  very  fertile 
fields  of  marine  zoology  which  may  be  found  in  the  tide-worn  caverns  at 
their  base. 

In  many  places,  too,  small  rocky  islets,  covered  at  every  successive  tide, 
were  proved  well  worthy  of  diligent  search. 

While  we  paid  a  good  deal  of  attention  to  this  latter  kind  of  investigation, 
we  yet  did  not  neglect  the  as  important  one  of  *^  dredging,"  The  smallness  of 
our  grant,  added  to  the  extreme  expense  which  would  attend  on  deep-sea 
dredging  in  such  remote  parts  of  Ireland,  prevented  us  from  exploring  any 
depth  beyond  thirty  or  forty  fathoms.  We,  however,  hope  on  a  future  occasion 
to  be  enabled  to  undertake  a  series  of  deep-sea  dredgings  on  the  west  coast, 
by  the  kind  assistance  of  some  yachting  friends. 

The  commonest  sea  bottom  we  met  with,  was  one  formed  of  a  coarse 
sand,  chiefly  made  up  of  the  d6bris  of  decaying  Nullipore  and  broken  frag- 
ments of  Trophon,  Natica,  Rissoa,  Odostomia,  &c.  This  sand  particularly 
abounds  in  Bantry  Bay ;  it  is  most  extensively  used  for  fertilizing  the  land, 
being  dredged  for  this  purpose  in  enormous  quantities.  Marine  animals 
aeem  to  avoid  this  <<  Coral  sand,"  and  with  the  exception  of  Hippolyte  va- 
riansy  even  the  *  Shrimps '  appeared  to  us  to  abandon  it.  Next,  we  met  with 
vast  tracks  of  heavy  compact  sand,  chiefly  tenanted  by  the  Crangonidae  and 
Palesmonidse,  diversified  here  and  there  with  large  patches  of  weedy  ground 
which  abounded  with  animal  life. 

Many  of  the  large  harbours  were  very  muddy,  and  abounded  with  spongesy 
&C  which  sometimes  reached  gigantic  dimensions. 

The  Cape  Clear  Island,  the  most  southern, — ^and  the  Blasquet  Islands,  the 
most  western  land  in  Ireland,  with  Bere  Island,  were  carefully  examined ;  but 
their  sides  present  such  high  and  unbroken  walb  to  the  ocean,  and  they  are 
so  exposed  to  its  continual  swell,  that  they  were  not  found  particularly  pro- 
ductive. 

To  enumerate  in  detail  the  various  species  of  the  marine  Fauna  met  with, 
would  be  at  the  present  immature.  But  we  would  wish  to  call  attention  to 
some  interesting  forms  that  presented  themselves,  and  append  a  list  of  the 
Zoantharia  and  Echinodermata  as  specimens  of  the  richness  of  the  Fauna. 

On  quiet  daj's,  when  the  Atlantic  was  moderately  calm,  nothing  could 
exceed  in  beauty  and  numbers  the  Medusae — fleets  of  ^quorea  sailed  past, 
accompanied  by  Thaumantias  globosa^  Thompsani^  con/iuensy  and  many 
others ;  this  last-mentioned  species,  discovered  by  the  late  Professor  Edward 
Forbes,  is  remarkable  for  the  peculiar  arrangement  of  its  reproductive  glands, 
which  are  placed  so  high  up  in  the  gastro-vasctilar  canals,  as  to  present  the 
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appearance  of  a  bright  red  orots,  shiDing  oonspicuonslj  through  the  trans- 
pareut  disk,  when  the  animal  is  seen  floating  beneath  the  surface  of  the 
water. 

New  forms  of  Slabberiai  Oceania,  &c.,  occurred  in  the  western  entrance  of 
Berehaven»  as  also  many  specimens  of  WiUna  steUata. 

Except  for  their  abundance,  the  following  Ctenophora  would  hardly  merit 
notice,  viz.  Cydippe  pileus  and  pomifarmisy  Mnemea  Norvegioay  and  Beroe 
ovaia^  This  latter  swam  in  shoals ;  several  of  the  specimens  being  of  a 
very  large  size  and  of  a  bright  roseate  hue,  frequently  diversified  with  a 
play  of  iridescent  colours.  In  Berehaven  Harbour  we  also  obtained  an 
apparently  new  species  of  Tomopteris ;  its  otherwise  transparent  body  glittered 
with  many  bright  sherry-coloured  spots,  and  we  were  enabled  to  investigate 
with  some  care  the  anatomy  of  thb  very  anomalous  creature. 

The  List  of  Zoantharia  appended  (List  B)  will  show  the  species  that 
occurred.  In  some  parts  of  the  coast,  as  off  Crookhaven  and  Dingle,  the  whole 
surface  of  the  rocks  for  many  square  yards  was  covered  with  specimens  of 
CorynactU  viridisy  so  far  belying  its  specific  name  as  to  appear  of  the  most 
brilliant  purple,  as  often  as  of  a  bright  green,  varied  with  many  of  a  rioh 
peach  colour.  Every  excavation  that  the  waves  had  worn  in  the  slaty 
Devonian,  was  inhabited  by  Sagartia  venustOy  S.roseay  and  others  of  the  genua; 
and  we  observed  that  at  Parkmore  Point,  near  Venty,  Tttbularia  indivina 
abounded  in  such  quantities,  that  in  one  place  a  piece  of  rock  about  20  feet 
long  by  10  or  so  broad,  and  covered  by  1  or  2  feet  of  water,  was  one  dense 
forest  of  this  interesting  Hydrozoon ;  others  of  this  latter  division  were  ob- 
served, but  details  thereof  are  reserved  for  a  future  occasion. 

Among  the  Echinodermata,  we  may  mention  that  Urcuter glacialis  occurred 
very  commonly,  and  several  specimens  were  dredged,  which  measured  S2 
inches  in  diameter ;  Luidia  fragillissima  and  Asterias  aurarUiaca  were  not 
unfrequent  Amphidotus  roseus  occurred  in  Bantry  Bay.  From  the  list 
appended,  it  will  be  seen  that  nearly  all  the  Asteriadae,  with  but  few  ex- 
ceptions, have  been  obtained  on  the  coast  of  Ireland. 

CribeUa  rosea  and  Ganiaster  I'empktoni  have  been  taken  by  Dr.  Ball  on 
the  Nymph  Bank  off  Waterford,  and  at  Youghal.  Several  new  species  also 
occurred  to  us.  We  think  we  have  discovered  the  **  first  appearing"  on  the 
south  coast  of  the  Echinus  lividusy  on  some  sunken  rocks  out  at  sea ;  and  it 
appears  to  us  that  a  curious  relation  exists  between  the  vertical  and  geogra- 
phical distribution  of  the  species  in  question,  since  the  higher  the  latitude 
in  which  it  is  found,  the  shallower  the  water  it  would  appear  to  frequent. 
We  have  been  led  to  this  conclusion  from  observations  made  by  us  on  its 
occurrence  around  the  west  and  south  coasts  of  Ireland.  At  Dingle,  for 
example,  it  lives  and  thrives  high  up  in  the  Littoral  Zone;  whereas  about 
the  Cape  Clear  district,  it  loves  the  deep  rock  pools,  where  it  is  only  exposed 
to  view  at  the  very  lowest  tides,  and  even  then  with  from  10  to  15  feet  of 
water  always  over  it.  The  rare  Echinus  Flemingii  has  been  taken  by  Dr. 
Ball  at  Youghal.  (See  List  A.) 

Of  the  Crustacea  a  long  list  could  be  furnished,  but  we  would  only  allude 
to  the  capture  of  the  various  species  of  Ebalia  on  sandy  ground  in  Castle- 
townsend  and  Berehaven ;  of  Xantho  rivulosa  at  Valentia,  where  it  was 
taken  in  1856  by  Dr.  Kinahan ;  and  Pirimela  denticulata  in  Dingle  by  Wm. 
Andrews,  Esq.  Gaiathea  Andrewsiiy  a  species  recently  added  to  science  by 
Dr.  Kinahan,  was  dredged  in  the  greatest  abundance. 

Of  the  Mollusca  little  mention  need  be  made, — Doris  flammeoy  coceineOf 
the  two  HemuBos  recorded  in  Alder  and  Hancock,  EoUs  Farranif  &c 
were  foundi  the  latter  three  very  abundantly ;  a  large  number  of  Tunioata 
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awarded  our  diligent  searoh  with  several  probably  new  species.  CalyplTdM 
$mensis  and  lanthina  communis  may  be  alluded  to  among  the  Gastero- 
pods»  with  Amphyiphyra  ^aiinOf  TomateUafamata^  Philine  quadnUOf  &c 
Aplyda  hybruia  might  be  seen  browsing  in  herds  on  the  Codium  tamerUo* 
sum^  which  at  Berehaven  grows  most  luxuriantly.  Area  tetragona  occurred 
at  Ardgroom,  Venus  casinoy  &c.  with  Pectunculus  gfycimeris,  in  Bantry  Bay. 

Amphioxus  lanceokUus  was  taken  in  Berehaven^  one  specimen  of  which 
survived  its  capture  for  many  days,  despite  of  being  carried  in  a  glass  vessel 
nearly  200  miles*  William  Andrews  records  the  following  rare  fish  as  oc- 
curring off  Dingle :  Capros  aper,  Sebastes  Norvegicus,  CoUus  Grcenlandicus, 
Morrhua  mimUa,  and  jRanieeps  trifurcatus ;  both  Lepidogaster  comubiensis 
and  bimaculaius  were  taken  by  us  at  the  shore  of  Cape  Clear  Island. 

In  conclusion,  we  would  ask  for  a  renewal  of  the  grant  for  the  year  1859 
from  the  Council,  trusting  to  continue  our  exploration  of  thb  interesting 
region  with  unabated  zeal,  and  with  a  sure  confidence  that  the  result  of 
our  labour  will  prove  of  some  service  to  those  who,  like  us,  are  engaged 
in  the  pleasant  task  of  observing  and  recording  the  many  created  beings, 
which,  nurtured  and  preserved  in  life  by  the  great  world  of  waters  alike  with 
it,  proclaims  the  exbtence  of  an  Almighty  and  Omnipotent  God. 

List  of  Echinodermata  (A). 


1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 


Comatula  rosacea  

Ophiura  texturata 

„   albida 

Ophlocoma  neglecta  , 

„   Leachii  (n.  sp.  J.  G.)  .. 

„   Ballii   

,j  filifonnis 

,f   brachiata 

ff  granalata 

,,   bellis    

f,  roiula 

tf  minuta 

(n.  sp.  G.  &  W.).. 
Uraster  glacitJia 

„   rubens 

,f  violacea 

,,   hispida 

Cribella  ocolata 


„  rosea  

Solaster  endeca 


„   papposa  

Palmipes  membranaceiu 

Asterina  gibbosa 

Gooiaster  Templetoni    .. 
Asterias  aurantiaca    ..... 

Luidia  fragillissima    

Echinus  sphera 

„   miliaris 

,,   Flemingii 

„   lividus 

Echinocyamus  pnsillas  .. 

Spatangus  purpureas 

Brissus  lynSfer 

Amphidotos  cordatos 

w  resells 


N.   N.E.   E.      S.    S.W.  W.    N.W, 


■ 
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N.B.  We  purposely  exclude  from  this  Lbt  all  reference  to  the  Holothu* 
riadee,  the  species  of  which  stand  much  in  need  of  further  elucidation.  We 
have  aUo  given  the  distribution,  as  far  as  it  was  known  to  us,  all  round  Ire* 
land,  both  in  this  Lbt  and  the  following  one  on  Zoantharia. 

List  op  Zoantharia  (B). 


1.  Actinoloba  dianthua  

2.  Sagartia  bellis 

3.  „  miniata 

4.  „  rosea  

5.  ff  ornata 

6*     „  venusta  

7.  „   nivca   

8.  „   sphyrodeta 

9.  „  pura 

10.  t,  cocdnea 

11.  „  troglodytes 

12.  „   vidoata    

13.  ,t  parasitica 

14.  „  hastata  (n.  sp.  B.  P.  W.)  ... 

15.  Adamsia  palliata 

16.  Anthea  cereus 

17.  Actinia  mesembryanthemnm 

18.  Bunodes  gemmacea   

19.  Tealia  crassicomis 

20.  „   Greenii  (n.  sp.  E.  P.  WJ  

21.  Cor7nacti8Yiridis(Allmaiiiii,E.P.W.) 

22.  „  heterocera  

23.  Ilyanthos  Scoticus 

24.  TorbinoUa  milletiaiia 

25.  Zoanthus  Conchii 

26.  Cyathina  Smithii    

27.  Sphenotrochu8Wrightii(n.8p.Go88e) 


N.   N.E.    E.     S.    S.W.  W.    N.W. 


12       3 


»? 


♦  ? 


Total  number  of  species  of  Echinoderms  35,  or  about  two-thirds  of  the 
British  list ;  and  of  the  Zoantharia  27,  or  about  half  the  number  recorded  as 
occurring  in  England  and  Scotland.  This  difference  will,  we  trust,  be  greatly 
diminished  in  a  few  years.  Both  lists  have  been  brought  down  to  the  latest 
dates,  several  species  having  been  added  while  the  MS.  was  passing  through 
the  press. 

The  districts  marked  from  1  to  7>  are  given  as  first  introduced  by  one  of 
the  authors  in  the  <*  Proceedings  of  the  Dublin  University  Zoological  and 
Botanical  Association,*'  vol.  i.  p.  176>  and  are  briefly  as  follows : — 

Ist  Province,  North. — From  Tory  Island  or  Horn  Head,  on  the  mainland, 
to  Rathlin  Island  or  Fair  Head,  embracing  the  two  extensive  Loughs, 
Swilly  and  Foyle,  and  parts  of  the  counties  of  Donegal,  Londonderry,  and 
Antrim. 

2nd  Province,  North-East — From  Fair  Head  to  Downpatrick,  at  the  en- 
trance of  Strangford  Lough,  embracing  Belfast  and  Strangford  Loughs,  and 
parts  of  Antrim  and  Down. 

3rd  Province,  East. — From  Downpatrick  to  Carnsore  Point,  in  the  county 
of  Wexford,  embracing  Dundrum,  Dundalk,  and  Dublin  Bays,  and  parts  of 
the  counties  of  Down,  Louth,  Meath,  Dublin,  Wicklow,  and  Wexford. 

4tli  Province,  South, — From  Carnsore  Point  to  Cape  Clear,  county  of 
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CoA,  with  the  fine  harbours  of  Waterford»  Duogariren,  Youghal,  Cork,  and 
Kinflale,  and  parts  of  the  counties  of  Wexford,  Waterford,  and  Cork. 

5th  Province,  South- West. — From  Mizen  Head  to  Kerry  Head,  or  the 
mouth  of  the  Shannon,  embracing  Bantry,  Dingle,  and  Tralee  Bays,  the 
Eenmare  River,  and  parts  of  the  counties  of  Cork  and  Kerry. 

6th  Province,  West — From  Loop  Head,  county  of  Clare,  to  Erris  Head, 
on  Mullet  Island,  at  the  extreme  north-west  of  Mayo,  embracing  Gal  way, 
Clare,  and  Blacksod  Bays,  the  Isles  of  Arran,  Clare,  Achill,  and  Mullet,  and 
parts  of  the  counties  of  Clare,  Galway,  and  Mayo. 

7th  Province,  North-west. — From  Erris  Head  to  Horn  Head,  embracing 
Killala,  Sligo,  and  Donegal  Bays,  and  parts  of  the  counties  of  Mayo,  Sligo, 
and  Donegal. 

"These  seven  Provinces  might  be  easily  subdivided,  but  I  think  this  is  not 
advisable ;  indeed,  I  am  rather  doubtful  of  the  propriety  of  keeping  either 
the  2nd  or  5th  Province :  but  still  we  find  species  peculiar  to  each  of  these 
localities,  or  at  least  occurring  in  them,  and  not  generally  found  in  the  others : 
thusy  JBckinus  Hvidus occurs  in  Provinces,  but  hardly,  if  at  all,  in  Province  4. 
I  need  hardly  justify  the  utility  of  making  these  Provinces ;  their  convenience, 
when  referring  to  geographical  distribution,  is  obvious ;  as  by  saying  in  which 
of  these  Provinces  an  animal  occurs,  we  at  once  arrive  at  an  idea  of  its  dis- 
tribution in  a  much  shorter  manner  than  enumerating  the  counties  it  occurs 
in.  I  have  hesitated  to  call  the  Provinces  Boreal,  Lusitanian,  &c^  thinking 
the  time  has  not  yet  arrived  for  so  doing.  The  Dredging  Committees  on 
the  east,  north,  and  south-west  of  Ireland  will  doubtless  in  time  enable  this 
to  be  done.  I  have  only  to  hope  this  enumeration  may  be  adopted,  as  it 
will  render  comparison  so  very  easy." 


On  Ewperimenis  on  the  Measurement  of  Water  by  Triangular  Notches 
in  Weir  Boards.  By  Jambs  Thomson,  A.M.^  C.E.,  Professor  of 
Civil  Engineering,  Queen^s  CoUege,  Belfast. 

The  experiments  proposed  to  be  comprehended  in  the  investigations  io 
which  the  present  interim  Report  relates,  have  for  their  object  to  determine 
the  suitableness  of  triangular  (or  V-shaped)  notches  in  vertical  plates  for 
the  gauging  of  running  water,  instead  of  the  rectangular  notches  in  ordinary 
use.  The  ordinary  rectangular  notches,  accurately  experimented  on  as  they 
have  been,  at  great  cost  and  with  high  scientific  skill,  in  various  countries, 
with  the  view  of  determining  the  necessary  formulas  and  coefficients,  for 
their  application  in  practice,  are  for  many  purposes  suitable  and  convenient 
They  are,  however,  but  ill  adapted  for  the  measurement  of  very  variable 
quantities  of  water,  such  as  commonly  occur  to  the  engineer  to  be  gauged 
in  rivers  and  streams.  If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be  so  wide,  that  for  long 
periods  in  moderately  dry  weather,  the  water  flows  so  shallow  over  its  crest 
that  its  indications  cannot  be  relied  on.  To  remove,  in  some  degree,  tbb 
objection,  gauges  for  rivers  or  streams  are  sometimes  formed  in  the  best 
engineering  practice,  with  a  small  rectangular  notch  cut  down  below  the 
general  level  of  the  crest  of  a  large  rectangular  notch.  If,  now,  instead  of 
one  depression  being  made  for  dry-weather  use,  in  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  depressions  extending  so  as 
to  give  to  the  crest  the  appearance  of  a  set  of  steps  of  stairs,  and  if  we 
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conceive  the  number  of  such  steps  to  become  infinitely  great,  we  are  led  at 
once  to  the  conception  of  the  triangular,  instead  of  the  reclangalar  notch. 
The  principle  of  the  triangular  notch  being  thus  arrived  at,  it  becomes 
evident  that  there  is  no  necessity  for  having  one  side  of  the  notch  vertical 
and  the  other  slanting;  but  that,  as  may  in  many  cases  prove  more  con- 
venient, both  sides  may  be  made  slanting,  and  their  slopes  may  be  alike«  It 
is  then  to  be  observed,  that  by  the  use  of  the  triangular  notch  with  proper 
formulas  and  coefBcients  derivable  by  due  union  of  theory  and  experiments, 
quantities  of  running  water,  from  the  smallest  to  the  greatest,  may  be  accu- 
rately gauged  by  their  flow  through  the  same  notch.  The  reason  of  this  is 
obvious,  from  considering  that  in  the  triangular  notch,  when  the  quantity 
flowing  is  very  small,  the  flow  is  confined  to  a  small  space  admitting  of 
accurate  measurement ;  and  that  the  space  for  the  fiow  of  water  increases  as 
the  quantity  to  be  measured  increases,  but  still  continues  such  at  to  admit 
of  accurate  measurement 

Further,  the  ordinary  rectangular  notch,  when  applied  for  the  gauging  of 
rivers,  is  subject  to  a  serious  objection  from  the  difficulty,  or  impoasibilityy 
of  properly  taking  into  account  the  influence  of  the  bottom  of  the  river  on 
the  flow  of  the  water  to  the  notch.  If  it  were  practicable  to  dam  np  the 
river  so  deep  that  the  water  would  flow  through  the  notch  as  if  coming  from 
a  reservoir  of  still  water,  the  difficulty  would  not  arise.  This,  however,  can 
seldom  be  done  in  practice ;  and  although  the  bottom  of  the  river  may  be  bo 
far  below  the  crest  as  to  produce  but  little  effect  on  the  flow  of  the  water 
when  the  quantity  flowing  is  small,  yet  when  the  quantity  becomes  great, 
the  ^  Velocity  of  Approctch*^  comes  to  have  a  very  material  influence  on  the 
flow  of  the  water,  but  an  influence  which  it  is  usually  difficult,  if  not  im« 
practicable,  to  ascertain  with  satisfactory  accuracy.  In  the  notches  now 
proposed,  of  triangular  form,  the  influence  of  the  bottom  may  be  rendered 
definite,  and  such  as  to  affect  alike  (or  at  least  by  some  law  that  may  be 
readily  determined  by  experiments)  the  fiow  of  the  water  when  very  small, 
or  when  very  great,  in  the  same  notch.  The  method  by  which  I  propose 
that  this  may  be  effected,  consists  in  carrying  out  a  floor  starting  exactly 
from  the  vertex  of  the  notch,  and  extending  both  up  stream  and  laterally  so 
as  to  form  a  bottom  to  the  channel  of  approach,  which  will  both  be  smooth, 
and  will  serve  as  the  lower  bounding  surface  of  a  passage  of  approach  un- 
changing in  form  while  increasing  in  magnitude  at  the  places  at  least  which 
are  adjacent  to  the  vertex  of  the  notch.  The  floor  may  either  be  perfectly 
level,  or  may  consist  of  two  planes  whose  intersection  would  start  from  the 
vertex  of  the  notch,  and,  as  seen  in  plan,  would  pass  up  stream  perpendiculaily 
to  the  direction  of  the  weir  board,  the  two  planes  slanting  upwards  from 
their  intersection  more  gently  than  the  sides  of  the  notch.  The  level  floor, 
although  theoretically  not  quite  so  perfect  as  the  floor  of  two  planes,  would 
probably,  for  most  practical  purposes,  prove  the  more  convenient  arrangement 
With  reference  to  the  use  of  the  floor,  it  may  be  said,  in  short,  that  by  a  due 
arrangement  of  the  notch  and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface  of  the  water  being 
considered  as  the  top  of  the  channel  and  orifice)  the  form  will  be  unchanged 
or  but  little  changed,  with  variations  of  the  quantity  flowing ;— very  much 
less  certainly  than  is  the  case  with  rectangular  notches. 

The  laws  regulating  the  quantities  of  water  flowing  in  such  orifices  as 
have  now  been  described,  come  naturally  next  to  be  considered.  Without, 
however,  in  the  present  interim  Report,  attempting  to  enter  on  a  detailed 
discussion  of  theoretical  considerations  on  this  subject,  I  shall  here  merely 
advert  briefly  to  the  principal  results  and  methods  of  reasoning. 
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Bj  theory  I  have  been  led  to  anticipate  that  the  quantity  flowing  in  a 
given  notch  should  be  proportionaly  or  very  nearly  bo>  to  the  f  power  of  the 
lineal  dimensions  of  the  cross  section  of  the  issuing  jet,  or  to  the  |>  power  of 
the  head  of  water  over  the  vertex  of  the  notch.  This  head  is  to  be  under- 
stood, in  the  case  of  water  flowing  from  a  still  reservoir,  as  being  measured 
vertiodly  from  the  level  of  the  water  surface  down  to  the  vertex  of  the 
notch ;  or,  in  the  case  of  water  flowing  to  the  notch,  with  a  considerable 
velocity  of  approach  over  a  floor  arranged  as  above  prescribed,  the  head  it 
to  be  considered  as  being  measured  vertically  from  the  water  surface  where 
the  motion  is  nearly  stopped  by  the  weir  board,  at  a  place  near  the  boards 
but  as  far  as  may  be  found  practicable  from  the  centre  of  the  notch.  The 
law  here  enunciated,  to  the  efiect  that  the  quantity  flowing  should  be  pro- 
portional to  the  f  power  of  the  head,  I  consider  should  hold  good  rigidly  in 
reference  to  water  flowing  by  a  triangular  notch  in  a  thin  vertical  plate  from 
a  large  and  deep  reservoir  of  still  water,  if  the  water  were  a  perfect  fluidi 
free  from  viscidity  and  friction,  and  free  from  capillary  attraction  at  its 
surface,  and  from  any  other  slight  disturbing  causes  that  may  have  minute 
influences  on  the  flow,  the  flow  being  supposed  to  be  that  due  simply  to 
gravitation  resisted  by  the  inertia  of  the  fluid.  The  like  may  be  said  of 
water  flowing  from  triangular  notches  with  shallow  channels  of  approach, 
having  floors  as  described  above,  when  due  attention  is  given  to  make  the 
passages  of  approach  so  as  really  to  remain  unchanged  in  form  for  a  suffi- 
cient distance  from  the  notch,  while  increasing  in  magnitude  as  the  flow  in* 
creases  (such  being  supposed,  according  to  my  theory,  to  be  possible)  ;  and 
if  due  attention  be  paid  to  measuring  the  heads  in  all  cases  in  positions 
similarly  situated  with  reference  to  the  varying  dimensions  of  the  issuing 
streams. 

In  illustration  of  these  statements,  or  suppositions,  I  would  merely  say  that 
if  two  triangular  notches,  similar  in  form,  have  water  flowing  in  them  at 
diflPerent  depths  but  with  similar  passages  of  approach,  the  cross  sections  of 
the  two  jets  at  the  notches  may  be  similarly  divided  into  the  same  number  of 
elements  of  area ;  and  that  the  areas  of  the  corresponding  elements  will  be 
proportional  to  the  squares  of  the  lineal  dimensions  of  the  cross  sections,  or, 
as  from  various  considerations  may  readily  be  assumed,  proportional  to  the 
squares  of  the  heads ;  also  the  velocities  of  the  water  in  the  corresponding 
elements  may  be  taken  as  proportional  to  the  square  roots  of  the  lineal 
dimensions,  or  to  the  square  roots  of  the  heads.  From  these  considerations, 
supported  by  numerous  others,  it  appears  that  the  quantities  flowing  should 
be  proportional  to  the  products  of  the  squares  of  the  heads  into  their  square 
roots,  or  to  the  f  powers,  as  already  stated. 

The  friction  of  the  fluid  on  the  solid  bounding  surfaces  of  the  passages  of 
approach  where  the  water  moves  rapidly  adjacent  to  the  notch,  may  readily 
be  assumed,  from  all  previous  experience  in  similar  subjects,  not  to  have  a 
very  important  influence  even  on  the  absolute  amount  of  the  flow  of  the 
water;  and  if  we  assume  (as  is  known  to  be  nearly  the  case  for  high  velo- 
cities, such  as  occur  in  notches  used  for  practical  purposes,  unless  unusually 
small)  that  the  tangential  force  of  friction  of  the  fluid,  per  unit  of  area  of 
surface  flowed  along,  b  proportional  to  the  square  of  the  velocity  of  flow,  it 
follows  by  theory  that  the  friction,  although  slightly  influencing  the  absolute 
amount  of  the  flow,  will  not,  according  to  that  assumption,  at  all  interfere 
with  its  proportionality  to  the  f  power  of  the  head,  and  this  condition  will 
very  nearly  hold  good  if  the  assumption  is  very  nearly  correct 

How  closely  the  theory  thus  briefly  sketched  may  be  found  to  agree  with 
the  actual  flow  of  water  will  be  a  subject  for  experimental  investigation ; 

Digitized  by  ^OOQ IC 


184  EBPOBT — 1858. 

and  whatever  may  be  the  result  in  this  respect*  the  main  object  must  be  to 
obtain,  for  a  moderate  number  of  triangular  notches  of  different  forms,  and 
both  with  and  without  floors  at  the  passage  of  approach,  the  necessary 
coefficients  for  the  various  forms  of  notches  and  approaches  selected,  and 
for  various  depths  in  any  one  of  them,  so  as  to  allow  of  water  being  gauged 
for  practical  purposes,  when  in  future  convenient,  by  means  of  similarly- 
formed  notches  and  approaches.  The  utility  of  the  proposed  system  of 
gauging,  it  is  to  be  particularly  observed,  will  not  depend  on  a  perfectly 
close  agreement  of  the  theory  described  with  the  experiments,  because  in 
respect  to  any  given  form  of  notch  and  approach,  a  table  of  experimental  coeffi- 
cients for  various  depths,  or  an  empirical  formula  slightly  modified  from 
the  theoretical  one,  will  serve  all  purposes.  To  one  evident  simplification 
in  the  proposed  system  of  gauging,  as  compared  with  that  by  rectangular 
notches,  I  would  here  advert,  namely,  that  in  the  proposed  system,  when 
once  the  form  of  the  notch  and  channel  of  approach  is  fixed  for  gauging 
any  set  of  streams,  the  quantity  flowing  comes  to  be  treated  as  a  function 
of  only  one  variable,  namely,  the  measured  head  of  water ;  while  in  the  rect- 
angular notches  it  is  practically  treated  as  a  function  of  at  least  two  variables, 
namely,  the  head  of  water  and  the  horizontal  width  of  the  notch ;  because 
in  practice  it  would  be  inconvenient,  if  not  impossible,  to  select  any  single 
width  of  notch,  or  any  moderate  number  of  widths  of  notches,  for  general 
use,  for  very  varied  quantities  of  water.  It  is  commonly  also  a  function  of 
a  third  variable,  very  difficult  to  be  taken  into  account,  namely,  the  depth 
from  the  crest  of  the  notch  down  to  the  bottom  of  the  channel  of  approach ; 
which  depth  must  vary  in  its  influence  with  all  the  varying  ratios  between  it 
and  the  other  two  quantities  of  which  the  flow  is  a  function. 

The  proposed  system  of  gauging  also  gives  facilities  for  taking  another 
element  into  account  which  often  arises  in  practice ;  namely,  the  influence 
of  back  water  on  the  flow  of  the  water  in  the  gauge,  when,  as  frequently 
occurs  in  rivers,  it  is  found  impracticable  to  dam  the  river  up  sufficiently  to 
give  it  a  clear  overfall,  free  from  the  back  or  tail  water.  For  any  given 
ratio  of  the  height  of  the  tail  water  above  the  vertex  of  the  notch,  to  the 
height  of  the  head  water  above  the  vertex  of  the  notch,  I  would  anticipate 
that  the  quantities  flowing  would  still  be,  approximately  at  least,  proportional 
to  the  l-power  of  the  head  as  before ;  and  a  set  of  coefficients  would  have  to 
be  determined  experimentally  for  different  ratios  of  the  height  of  the  head 
water  to  the  height  of  the  tail  water  above  the  vertex  of  the  notch. 

With  the  aid  of  the  grant  placed  at  my  disposal  by  the  Association  at  last 
year's  meeting,  for  the  purposes  of  these  researches,  I  have  got  an  experi- 
mental apparatus  constructed  and  fitted  up  at  a  place  a  few  miles  distant 
from  Belfast,  in  Carr's  Glen,  on  the  grounds  of  Mr.  Neeson,  who  has  kindly 
afforded  me  all  the  necessary  facilities  regarding  the  water  supply  and  the  site 
for  the  experiments ;  and  I  have  got  some  preliminary  experiments  made  on  a 
right-angled  notch  in  a  vertical  plane  surface,  the  sides  of  the  notch  making 
angles  of  45^  with  the  horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching  the  notch  uninfluenced 
by  any  floor  or  bottom.  The  principal  set  of  experiments  as  yet  made  M'ere 
on  quantities  of  water  varying  from  about  2  to  10  cubic  feet  per  minute; 
and  the  depths  or  heads  of  water  varied  from  2  to  4  inches  in  the  right- 
angled  notch.  From  these  experiments  I  derive  the  formula  Q=*317  H*  ; 
where  Q  is  the  quantity  of  water  in  cubic  feet  per  minute,  and  H  the  head 
as  measured,  vertically,  in  inches,  from  the  still-water  level  of  the  pool,  down 
to  the  vertex  of  the  notch.  This  formula  is  submitted,  at  present  tempo- 
rarily, as  being  accurate  enough  for  use  for  ordinary  practical  purposes  for 
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the  measurement  of  water  by  notches  similar  to  the  one  experimented  on, 
and  for  quantities  of  water  limited  to  nearly  the  same  range  as  those  in 
the  experiments ;  but  as  being,  of  course,  subject  to  amendment  by  more 
perfect  experiments  extending  through  a  wider  range  of  quantities  of 
water. 

Out  of  the  grant  of  ^10  from  the  Association  for  these  experiments,  the 
amount  for  which  J  have  hitherto  had  to  apply  to  the  Treasurer  as  having 
been  expended  in  them  is  £S  Os.  4cf.;  which  leaves  a  balance  remaining  of 
£1  I9s.  8d. 

It  will  be  readily  observed,  that  the  experimental  investigations  indica- 
ted in  the  foregoing  report  as  desirable,  are  such  as  would  require  for  their 
completion,  and  extension  to  large  flows  of  water,  a  great  expenditure  both  of 
time  and  money,  like  as  has  already  been  the  case  with  researches  on  the  flow 
of  water  in  rectangular  notches.  All  that  I  can  myself  for  the  present  pro- 
pose to  attempt,  is  to  open  up  the  subject  with  experiments  on  moderately 
small  flows  of  water ;  and  with  this  view,  I  would  be  glad  to  be  aided,  by  a 
further  grant  from  the  Association,  in  continuing  experiments  of  the  kinds 
already  undertaken. 


Rep(nrt  of  the  Committee  on  the  Magnetic  Survey  of  Great  Britain. 
By  Major-General  Sabine. 

The  Committee  are  glad  to  be  able  to  state  that  the  Survey  has  made  good 
progress  in  the  course  of  the  present  year.  Mr.  Welsh  has  completed  the 
Survey  of  Scotland  and  its  adjacent  islands,  by  adding  observations  at  a  suf- 
ficient number  of  points  on  the  islands  to  the  north  and  west  of  the  main 
land  to  those  he  had  made  in  Scotland  itself  in  1857.  General  Sabine  has 
employed  himself  in  North  and  South  Wales ;  and  Dr.  Lloyd,  having  asso- 
ciated with  himself  Professors  Joseph  Galbraith  and  Samuel  Haughton,  and 
George  Johnstone  Stoney,  Esq.,  has  obtained  observations  on  the  course  of 
the  isoclinal  and  isodynamic  lines  over  Ireland  generally. 

There  is  probably  another  year's  work  before  the  Survey  will  be  so  far 
advanced  that  its  different  parts  can  be  coordinated,  preparatory  to  the  final 
account  being  prepared  for  presentation  to  the  Association.  In  the  mean 
time  Dr.  Lloyd  is  desirous  that  the  names  of  Messrs.  Galbraith,  Haughton, 
and  Stoney  should  be  added  to  those  of  the  Committee  named  in  1856. 


RqHnrt  on  Animal,  Vegetable,  and  Mineral  Substances  imported  from 
Foreign  Countries  into  the  Clyde  {including  the  Ports  of  Glasgow, 
Greenock,  and  Port  Glasgow)  in  the  years  1853,  1854, 1855,  1856, 

1857.  By  MiCHABL   CoNNAL,  Esq.,  and  William   Keddie, 
Esq.,  Glasgow. 

The  following  returns  have  been  obtained  from  a  careful  examination  of 
the  Clyde  Bill  of  Entry,  printed  by  the  Custom  House  authorities  at  Glasgow. 
The  returns  embrace  only  substances  imported  from  foreign  countries,  ex- 
clusive of  those  received  "  coastwise."  From  the  vague  and  often  inaccurate 
manner  in  which  the  entries  are  made,  it  has  been  found  impossible  to  classify 
a  number  of  the  substances.  Those  of  unknown  or  uncertain  character  have 
been  placed  under  the  head  of  Miscellaneous. 
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MINERAL  SUBSTANCES. 


Sabstances. 

Whence 
Imported. 

Imports, 
1853. 

Imports, 
1854. 

Imports, 
1855. 

Imports, 
1856. 

Imports, 
1857. 

^buter 

Leghorn  

Marseilles    

cwt. 
36 

cwt 
116 

cwt 
63 

cwt 
18 

cwt 
52 
10 

Roman  Cement  4.*.... 

36 

116 

46  tons. 

tons. 
516 

8 
28 
16 

63 

tons. 
248 

18 

tons. 
264 

8 
18 

62 

tons. 
3968 

17 

Mirble 

Leirhom        .... 

tons. 
308 

28 

Sta0CD 

Salonica  •• 

Sicily   ,. 

Antwerp 

Bordeaux 

Hamburg     

2 

1 

New  York    

Athens. ..••••4. 

Rouen  • 

336 

568 

251 

290 

3985 
20toiii. 

60  tons. 

150  tons. 

cwt 
93 

60 

Plaster  oC  Paris  

85  tons. 
60  tons. 
2  tons. 

45  tons. 

160  tons. 

50  tons. 

cwt 

855 

67 

153- 

Limestone •••••...... 

FWmce  ....t.  «•••. 

Chalk 

L^horn  •.••.•••. 

Pamice  Stone t... 

Porcelain i... 

Rouen 

Messina 

cwt. 

cwt 

556 

408 

66 

cwt. 

Palermo  

72 

Malta  

Leghorn  •• 

Rouen 

1030 

72 

1065 
2cwt 

140  cwt 

tons. 
1055 

153 

tont 
400 

Emery  Stones 

Smyrna    

Rotterdam  

New  York  

351  tons. 
30  tons. 

90  tons. 

Barytes   , „.. 

37  cwt 

Magnesia. •••• 

Borax 

Nitrate  of  Soda 

iqmque  

Valparaiso  

tons. 
175 
647 

tons. 

tons. 
243 

Natron  (Carbonate  of  Soda) 
AlkaU 

822 

243 

980  galls. 

1055 

400 

20  tons. 

Roaen  ••....  ••.. 
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Substances. 

Whence 
Imported. 

Imports, 
1853. 

Imports, 
1854. 

Imports, 
1855. 

'T^' 

Imports, 
1857. 

Salt  (Coivmop)  tttitt.ttttt... 

Portugal 

tons.    . 
213 

tons. 

160 

80 

tons. 

tons. 
295 

tons. 
3 

Saltpetre 

France •••« 

95 

AlfXfl^i^riii    , 

Calcutta  

213 

240 

95 

295 

156  tons. 

tons. 

8977 

165 

3 

30  tons. 

tons. 

3448 

206 

25 

280 

155 

Brimitone  •■•ttt.t.ttt 

SicUy  

tons. 

3401 
568 
370 
191 

tons. 

9938 

835 

26 

110 

60 

tons. 
4240 

M'sitflpflnASA  .........>....... 

France 

Italy     

Malta 

43 

Alexandria 

Portugal 

230 

New  York   

Rotterdam  

St.  John's,  N.  B. 
Marseilles    ... 

4530 

tons. 
27 

10,969 
tons. 

4283 
tons. 

9372 

tons. 

8 

110 

4114 
tons. 

4 
22 

Leghorn 

Rotterdam  

St.  John's,  N.  B. 

Spain  

27 

945  tons. 

118 
230  tons. 

26 

20  tons. 

tons. 
71 
12 

333  tons. 

331  tons. 

Lead • 

tons. 
293 
160 

tons. 
49 

tons. 
78 

tons. 
149 

fiithanrfi  ...-^-..t-tt..t.ttTtt— 

France 

Montserrat  ••••.. 

3 

Hamburg    ...... 

Rotterdam  

Cronstadt.  •*.•.... 

,,.,,,, 

453 

tons. 

17 

6 

49 

tons. 

7 

15 

81 

tons. 

4 

149 

2209bars. 
20  cwt. 
42  cwt 

14  tons. 
10  tons. 

10  tons. 

occadona 

83 

129  cwt. 
Uy. 

intiinigv  •.•••••••• 

83 

22 

4 

New  York  ...... 

Sienna  Earth 

L^hom  ......... 

144  cwt. 

87  cwt. 

(llYdnms   Sesqoiozide  of 
Pig  Iron , 

St.  John's,  N.  B. 
St.  Petersburg  .. 

Ochre  •••...t... ....•..•••• 

Nantes 

300  tons. 

Plumbago   • «t*t. 

Rouen  ............ 

Rotterdam  

St.  John's,  N.B. 

cwt. 
1 
6 

small 

quantities 

7 
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Snbstoncei. 


Whence 
Imported* 


Importi, 
1853. 


Imports, 
1854. 


Imports, 
1855. 


Imports, 
1856. 


Cllromate  of  Iron  

•  ■ 
Copperas 

Pyrites 

(Bitolphcureiofltoii.) 

Spelter  ot  ZliMi  ...* 

Copper.M , 


Veidisrii. 
Gold 4. 


Pewter..4 

Asphalte 

Lapis  LaSttU   .*< 
Ultramarine. 

Terra  Umbra  ... 

Drip-stone  


Glass  Sand 


Smyrna   .. 
New  York 


Rouen  

Drontheim 


Hamburg  , 
Antwerp  «••< 
tlotterdant  . 
Palermo  .<«. 


St.  Kitts  .... 

Quebec 

Grenada  .... 

Trinidad  .... 

Valparaisa  * 
Jamaica  ••.. 
St.  Vineent . 
Malta  ...... 

Callao  ....... 


New  York 


Melbonme 
New  York 
Jamaica  ... 


Demerara.. 
Cardenas .. 
Callao 


Malta  ...... 

Sourabaya 


Rouen  . 
Lisbon. 


Bartb,  or  Painters'  Colours., 
Chroma  Ore.«M*M......,...i,, 


tons. 
50 


tons. 

195 

50 


50 


200 


owt. 

778 


cwt* 

078 

2283 

158 


ewt. 
148 
790 


ewt^ 
549 
893 


778 

cwt. 
20 


8118 
cwt. 
190 


938 
cwt. 


81 

1 


1442 
cwt. 


80 


100 


22 


7  cwt. 


padkaMS.  pafbagti- 


560  cwt. 


20  tons. 


8  owt. 

tons. 
473 


tons. 

217 

60 


Montreal ......... 

St.  Petersburg... 
New  York   .., 
Cronstadt 


60  cwt. 
30  tons. 


964  tons. 


i73 


300  tons. 


877 


40  tons. 
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Snbstuiees. 


"Whence 
Imported. 


Imports, 
1853. 


Imports, 
1854. 


Imports, 
1865. 


Imports, 
1856. 


Imports, 
1857. 


Chrome  Yellow  . 

Burr  Slonei 

Sal-ammoniac',... 
Acetate  of  Lime . 
Vitriol 


Mineral  Water.. 


SeHzer  Water. 
Chromate?  .... 


Rotterdam 

France 

Rotterdam 
New  YoHl 
Hamburg... 


Hamburg... 

Rotterdam 

Marseilles 


Amsterdam . 
Oporto 


lOowt. 

1045 

3cwt. 

]885owt. 


gallons. 
600 
550 


2205 

1611  cwt. 

250  gaUs. 

gallons. 


4057 


1924  cwt. 


gallons. 


624 

1976  cwt. 

gallons. 
2000 


4892 


2079  ewt. 


1150 


2000 
645gall8. 
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Report  qfthe  Committee  on  Shipping  Statistics.    Presented  to  the 
British  Associdtion^  September,  1858. 

Report  of  the  Committee  appointed  bj  the  British  Association  to  inquire 
into  the  statistics  of  shipping,  with  a  view  to  rendering  statistical  record  more 
available  as  data  condaoive  to  the  improvement  of  naval  architecture  as 
respects  the  adaptation  of  the  form  of  ships  to  the  requirements  of  sea 
aenrice. 

The  Committee,  so  appointed,  consisted  of  the  following  gentlemen : — 


Admiral  Moorsom. 
J.  Scott  Russell. 
J.  £•  McConneli. 


Charles  Atherton. 
William  Fairbaim. 
James  Perry. 


Henry  Wright 
Andrew  Henderson* 


The  Committee,  on  commencing  their  proceedings,  received  letters  from 
Admiral  Moorsom,  Mr.  John  Scott  Russell,  and  Mr.  J.  £•  McConneli^ 
whereby  the  Committee  were  deprived  of  the  co-operation  of  those  gentlemen 
as  members  of  this  Committee ;  the  remaining  members,  however,  agreed  to 
prosecute  the  duties  assigned  to  them,  and  William  Fairbaim,  Esq.,  F.R.S., 
oy  the  unanimous  desire  of  the  Committee,  undertook  to  conduct  the  pro^ 
ceedings  as  Chairman,  with  the  assistance  of  Henry  Wright,  Esq.,  as  Honor* 
ary  Secretary.  The  Committee  now  beg  to  explain  the  course  of  proceed- 
ing by  which  they  hoped  to  promote,  if  not  mature,  the  objects  assigned  to 
them  by  the  Association. 

In  the  first  place,  the  Committee  issued  a  circular,  inviting  statistical  In- 
formation as  to  the  actual  sea  performances  of  ships  (Appendix  No.  1),  with 
a  view  to  compiling  a  comprehensive  statement  as  to  the  sea  performances 
of  vessels  generally,  whence  the  Committee  might  be  enabled  to  select  a  con*' 
siderable  number  of  vessels,  of  which  the  performances  at  sea  may  have  beett 
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remarkable ;  and  their  attention  being  thus  directed  to  a  limited  selectioo, 
embracing  a  considerable  number  of  vessels  of  practically  established  excel- 
lence for  sea  service,  the  Committee  hoped,  after  making  due  inquiry,  to  be 
enabled  to  present,  as  respects  those  vessels,  a  statistical  exposition,  in  tabular 
form,  of  their  various  elements  of  construction  and  type  of  build,  and  thus, 
by  a  system  of  collation  and  induction,  to  discover  practically  those  types 
and  elements  of  construction  which  have  been  found  by  experience  most  con- 
ducive to  good  performances  at  sea.  In  the  case  of  steam-ships,  it  was  pur- 
posed that  the  statistics  of  the  original  .trials  to  which  steamers  are  generally 
put  when  new,  should  also  be  collected,  classified,  and  collated  with  reference 
to  the  subsequent  performances  of  the  same  vessels  at  sea,  whence  it  might 
be  determined  to  what  extent  and  in  what  respects  the  usual  smooth-water 
triab  of  steam-ships  may  be  indicative  of  the  probable  properties  to  be  ex- 
pected of  the  same  ships  at  sea,  as  respects  their  dynamic  capabilities. 

The  Committee  are  happy  to  sa^  that  this  attempt  at  practically  inquiring 
into  the  peculiarities  of  construction  to  which  the  good  or  bad  qualities  of 
steam-ships  may  be  attributable,  has  not  been  wholly  fruitless ;  for,  although 
shipowners,  shipbuilders,  and  marine  engine  manufacturers  have  been 
generally  reluctant  to  communicate  particulars  whereby  the  dynamic  merits 
of  ships  may  be  numerically  classed  and  compared,  the  results  of  which  clas- 
sification and  comparison  might,  if  promulgated,  affect  the  commercial  value 
of  their  property  and  the  relative  professional  reputation  of  constructors, 
still,  in  reply  to  the  before- mentioned  circular,  information  has  been  com- 
municated as  to  the  performance  of  vessels,  particularly  steam-vessels,  by 
which  it  appears  that  a  great  difference  exists  between  steam-sbips  as  respects 
their  economic  capabilities  for  the  performance  of  mercantile  steam  transport 
service,  leading  to  the  conclusion  that  the  general  aggregate  of  steam  service 
Is  performed  by  vessels  of  inferior  adaptation  for  economic  duty,  and  con- 
sequently at  a  rate  of  prime-cost  expenditure ;  and,  therefore,  ultimate  charge 
on  the  public,  greatly  in  excess  of  that  which  would  be  involved  if  all  steamers 
were  of  the  superior  class  of  excellence  that  has  been  already  in  certain  cases 
actually  attained.  For  example,  this  Committee  are  assured,  on  authority 
which  they  believe  to  be  unquestionable,  that  a  certain  vessel,  the  Bremenh 
of  3440  tons  displacement  at  the  time  of  trial,  propelled  by  engines  working 
up  to  1624  indicated  horse-power,  attained  the  speed  of  13*15  nautical  miles 
per  hour.     Now,  if  we  estimate  the  dynamic  duty  thus  performed  by  the 

formula  j^xf =^'  ^^  *^^^  ^*^®  ^^"^  coefficient,  cJ^^^^^^^^^^ 

2274X227'88 

jggT =319 ;  and  this  coefficient  of  dynamic  duty,  resulting  from 

the  mutual  relation  of  displacement,  speed,  and  power,  appears,  from  the 
statements  which  have  been  communicated  to  this  Committee,  nearly  50  per 
cent  higher  than  that  realized  by  the  average  performance  of  the  steam-ships 
of  the  present  day.  The  following  are  the  coefficients  of  dynamic  duty  de- 
duced by  the  foregoing  rule  from  the  performances  of  mercantile  steamers 
of  high  repute,  of  which  the  trial  data  have  been  communicated  to  this  Com- 
mittee, viz.  325,  294,  291,  288, 259, 248, 231, 230,  and  204,  and  many  others 
below  200. 

This  Committee  therefore  regard  the  Bremen  as  being  a  felicitous  exem- 
plification of  naval  architecture  as  respects  type  of  form  adapted  for  easy 
propulsion ;  and  as  we  conceive  that  the  promulgation  of  some  of  the  con- 
structive elements  of  this  vessel  may  be  of  public  importance,  we  are  happy 
in  being  authorized  and  enabled,  by  Messrs.  Caird  and  Co.,  of  Greenock,  the 
constructors  of  the  ship  and  of  the  engines,  to  communicate  to  the  British 
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Association  the  folloviog  statistical  data  as  to  tlie  elements  of  constructiou 
of  the  Bremen  :— 

Length  between  perpendiculars  of  stem  and  rudder  post*.  318  feet 

Breadth  of  beam    40    ^ 

Depth  of  hold 26    „ 

Mean  draught  of  water  at  the  time  of  trial 18  ft  6  in. 

Displacement  (D)  at  trial  draught    3440  tons 

Area  of  maximum  immersed  section  (A)  at  the  trial  draught  606  sq.  fU 
Distance  of  maximum  section  (A)  measuring  from  the  stem  159  feet 

Constructors'  load  draught    {Ift7''**     19    " 

Displacement  at  constructors'  load  draught 3440  tons 

Rate  of  ships'  displacement  at  constructors'  load  draught    25 ,,  perin. 

Data  for  laying  off  Peake's  curve  of  sections : — 

Area  of  immersed  vertical  section  at  the  distance  of  ^ 
lengthy  measuring  from  stem 256*5  sq.  fit. 


Do. 
Do. 


Do. 


Do.  Do 486 

Do.  Do 606 


Do.  \'  Do.  Do 489      „ 


Do.  Do. 253*5 


Data  for  laying  off  curve  of  displacement  :— 

Displacement  at  draught  of  4'  7)1",  being  |  load  draught .  300  tons 
Displacement  at  draught  of  9^  3'',  being  |  load  draught. .  1165     „ 
Displacement  at  draught  of  1 3'  1 0|'',  being  4  load  draught  2240    „ 
Displacement  at  draught  of  18'  6",  or  load  draught    . . « •  3440    ,> 

The  foregoing  data  afford  all  the  particulars  required  for  the  construction 
of  Peake's  curve  of  vertical  sections,  whence  may  be  deduced  the  position 
of  the  vertical  line  passing  through  the  centre  of  gravity  of  displacement  and 
also  the  positions  of  the  centre  of  gravity  of  the  fore  and  aft  bodies  re« 
spectively. 

It  will  be  observed,  from  the  foregoing  data  of  the  constructive  elements 
of  the  Bremen^  that  the  maximum  immersed  section  is  at  the  middle  of  the 
length,  and  that  the  vertical  sections  are  in  such  ratio  to  each  other,  with 
reference  to  their  respective  positions,  that  the  curve  of  vertical  sections  will 
be  a  close  approximation  to  a  parabola. 

The  ratios  deducible  from  the  foregoing  particulars  of  constructive  data, 
combining  Peake's  curve  of  immersed  vertical  sections  with  the  curve  of 
displacement,  will  give  a  close  approximation  to  the  type  of  form  of  the  im- 
mersed hull. 

The  engines  of  the  Bremen  consist  of  two  direct-acting  inverted  cylinders, 
90  inches  diameter,  and  3  feet  6  inches  stroke,  fitted  with  expansion  valves 
capable  of  working  expansively  to  a  high  degree.  All  parts  of  the  engines 
are  felted  and  lagged  with  wood  wherever  practicable,  the  lower  16  feet  of 
the  funnel  being  surrounded  by  a  casing  forming  a  superheating  chamber, 
the  steam  entering  at  the  lower  end,  and  passing  off  at  the  top  into  the  steam 
pipes  leading  to  the  cylinders. 

On  the  important  question  as  to  the  extent  to  which  the  ordinary  smooth- 
water  trial  of  a  steamer  affords  a  criterion  of  the  general  average  perform- 
ance that  may  be  expected  of  the  vessel  at  sea,  this  Committee  have  not  been 
Able  to  obtain  such  an  extent  of  returns  of  the  comparative  smooth-water 
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trials  and  sea  performances  of  the  same  ships  as  enable  them  fully  to  respond 
to  this  part  of  the  inquiry,  and  they  refrain  from  expressing  any  speculative 
opinion,  because  they  have  adopted  the  principle  which  they  desire  to  recom- 
mend to  the  notice  of  the  British  Association,  that  shipping  improvement  is 
to  be  discovered  by  statbtical  record  and  analysis  of  the  constructive  elements 
of  ships  that  have  practically  shown  themselves  to  possess  good  sea-proper- 
ties, rather  than  by  assuming  the  mere  theories  of  opinionative  speculation, 
from  whatever  source  such  opinions  may  emanate, — in  short,  that  experience 
of  actual  performances  at  sea,  statbtically  recorded  and  utilized  by  being 
made  the  basis  of  comparison,  is  the  most  reliable  base  on  which  to  construct 
an  inductive  system  of  progressive  improvement  in  naval  architecture  and 
marine-engine  construction.  This  Committee,  however,  have  much  satisfac- 
tion in  being  enabled  to  commence  this  inquiry  by  recording  the  sea  per- 
formance of  the  before-mentioned  vessel  Bremen^  on  a  passage  from  Bremen 
haven  to  New  York  and  back,  during  the  months  of  June  and  Julv  last,  during 
the  whole  of  which  passages  indicator  cards  were  frequently  taken,  and  the 
indicated  working  power  of  the  engines  ascertained.  On  the  out  passage  the 
mean  displacement  was  ^878  tons,  the  mean  indicated  horse-power  was  1078, 
and  the  mean  speed  10*28  knots  per  hour,  giving  a  coefficient  by  the  formula 
referred  to=2(M<;  but  on  the  return  passage  the  mean  displacement  was 
2990,  the  mean  indicated  horse  power  1010,  and  the  mean  speed  at  the  rate 
of  11*92  knots  per  hour,  giving  a  coefficient=S48.  Hence  the  mean  co- 
efficient of  the  out  and  home  passage =276,  being  about  13  per  cent,  below 
the  coefficient  (319)  obtained  on  the  s;nooth- water  test-trial  of  the  ship. 
The  state  of  the  weather  and  the  sea  was  also  recorded  daily  ;  it  appears  to 
have  been  adverse  on  the  out  passage,  but  favourable  on  the  home  passage. 
The  Committee  are,  therefore,  of  opinion  that,  by  following  up  this  course 
of  statistical  record  of  the  smooth-water  trial  and  subsequent  sea  perform- 
ances of  ships  respectively,  a  tabular  statement  might  be  compiled,  showing 
the  probable  ratios  of  the  coefficients  of  smooth  water  and  sea  performance, 
corresponding  to  the  various  rates  of  speed  for  which  steamers  may  be  re- 
spectively powered,  whence  the  smooth  water  test-trials  of  ships  may  be  made 
available  as  approximately  indicative  of  their  sea-servioe  capabilities  as 
respects  their  dynamic  properties. 

Such  are  the  statistical  data  of  the  constructive  elements  and  dynamic 
capabilities  of  the  Bremen,  and  if  all  steam- veaseU  engaged  in  the  mercantile 
transport  service  of  Britain  were  equally  effective  as  respects  the  mutsal  re- 
lations of  displacement,  speed,  and  power,  that  is,  capable  of  producing  a  eo- 
efficient  of  dynamic  capability =319,  by  the  formula  referred  to,  it  is  probable 
that  the  prime-cost  expenses  of  steam-ship  transport  per  ton  weight  of  oargo 
conveyed  on  long  passages  would,  on  the  aggregate  of  the  foreign  trade  of 
Britain,  be  reduced  not  less  than  25  per  cent,  as  compared  with  the  prime* 
cost  expenses  incurred  by  steam-vessels  of  the  average  dynamic  oapabllitf 
in  present  use. 

The  efHect  of  improved  type  of  build  on  the  economy  of  steam  trantport 
per  ton  weight  of  goods  conveyed,  is  such  as  shows  the  inquiry  to  be  of  vital 
importance  in  connexion  with  the  management  of  steam-shipping  affairs. 

The  public  importance  of  improved  type  of  build  in  a  national  point  of 
view  (for  it  is  the  publio  and  not  the  shipowners  who  ultlmatdy  bear  the 
brunt  of  expensive  transport  service)  may  be  judged  of  from  the  statiatioai 
fact  published  by  the  Board  of  Trade,  that  no  less  than  899  steam-vessels 
(of  which  511  are  sea-going  ships)  were  employed  on  the  commercial  traiw- 
port  service  of  Britain  in  1857*  The  ratio  in  which  the  transport  servioe  of 
the  country  is  performed  by  the  aid  of  steam  appears  to  be  conskantlyoii  tibe 
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iiioreaie;  and  m  it  ii  to  be  expected  that  meroantiie  competition  will  always 
caute  the  cost  of  freight  on  the  general  aggregate  of  the  trade  of  the  countrj 
to  be  proportionally  ruled  by  the  prinie*co8t  expenses  that  may  be  actually 
iocarr«d  in  doing  the  work,  it  appears  manifest  that  the  public  eoonomy  de- 
pendent on  the  general  realization  of  shipping  improvement  is  a  considera- 
tion that  involves  public  interest  to  the  extent  of  millions  sterling  per 
annum* 

To  demonstrate  the  vast  importance  of  this  subject^  Appendix  No.  2  has 
been  compiled  fVom  the  returns  of  the  Board  of  Trade,  to  show  the  amount 
of  trade  between  the  United  Kingdom  and  foreign  countries  during  the  yeac 
IS55*  This  compilation  shows  that  the  tons  weight  of  cargo  actually  carried 
in  the  foreign  trade  of  the  United  Kingdom  in  the  year  1855  amounted  to***- 

Imports 6,254,259  tons. 

Exports 8,370,363  tons. 

Total 14,624,622  tons. 

Nearly  15  millions  of  tons  weight  of  sea-borne  cargo,  conveyed  at  probably 
35  per  cent  extra  cost  beyond  what  would  be  incurred  if  ships  of  the  high 
order  of  dynamic  merit  exemplified  by  the  Bremen  were  only  and  exclusively 
employed. 

By  aid  of  Appendix  No.  2,  showing  the  amount  of  trade  between  Great 
Britain  and  all  foreign  countries  respectively,  parties  conversant  with  shipping 
aiairB  will  be  enabled  to  estimate  approximately  the  gross  amount  annually 
involved  in  the  goods-transport  service  of  Britain.  Thus  public  interests 
require  that  the  statistical  records  of  shipping  should  embrace  such  data  m 
will  be  availably  conducive  to  shipping  improvement,  by  affording  the  means 
of  approximately  estimating  the  dynamic  capabilities  of  ships,  whereby  every 
ship  constructor  and  ship  owner,  and  the  directors  of  steam-shipping  compn- 
nies,  may  be  enabled  to  test  the  dynamic  merits  and  condition  of  their  ships 
respectively,— a  system,  which  would  gradually  lead  to  the  adoption  of  such 
types  only  as  develope  a  high  order  of  dynamic  duty,  and  would  obviate  some 
of  the  most  serious  hazards  to  which  private  and  public  interests  are  now 
exposed  from  vessels  being  employed  on  commercial  and  postal  services  for 
which  they  are  not  fit. 

Only  let  it  be  publicly  known,  as  exemplified  by  the  BremeHy  that  steam- 
ships and  their  machinerv  may  be  no  constructed,  that  on  being  subjected  to 
a  test-trial,  the  cube  of  the  speed  in  knots,  multiplied  by  the  square  of  the 
cube  root  of  the  displacement,  and  divided  by  the  indicated  horse  power, 
ought,  in  the  present  day,  irrespective  of  future  improvement,  to  produce  a 
quotient  or  coefiicient  of  dynamic  duty  equal  to  the  number  319,  and  that 
the  coefficient  deduced  from  the  rule  thus  enunciated  constitutes  (caieris 
paribus)  a  criterion  of  the  cost  price  at  which  steam-ships  perform  their  work ; 
and  we  shall  then  soon  find  that  this  test  of  dynamic  merit,  or  the  numeral 
coefficient  deduced  therefrom,  will  enter  into  the  calculation  of  the  pecuniary 
Talue  of  steamers  to  such  extent  that  ships  of  a  low  order  of  dynamic  capa- 
bility will  not  be  built,  because  they  will  not  sell. 

The  test  of  dynamic  merit,  as  above  set  forth,  based  on  the  mutual  rela- 
tions of  displacement,  speed,  and  power,  presumes  on  the  net  power  effect- 
ively applied  in  propelling  the  ship  being  always  in  a  constant  and  known 
ratio  to  the  gross  intiicated  power. 

The  inquiry,  therefore,  so  far,  is  of  such  a  nature  as  demands  professional 
knowledge  and  skill  in  order  to  determine  and  discriminate  between  the  merit 
that  may  be  due  respectively  to  the  type  of  form  of  the  hull,  and  to  the  con<* 
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struction  of  the  engines,  propeller,  and  boilers ;  for  a  good  type  of  hull,  pro« 
pelled  by  an  inferior  construction  of  machinery  and  boilers,  or  an  inferior 
type  of  hull  propelled  by  a  good  construction  of  machinery  and  boilers,  may, 
by  the  above  formula,  produce  equal  result*.  This  Committee,  howeTer» 
consider  it  of  vital  importance  to  the  promotion  of  the  objects  of  this  in- 
quiry,  viz.,  ^^  the  maturing  of  a  system  of  statistical  record  conducive  to  the 
improvement  of  naval  architecture,''  that  the  owners  and  charterers  of  ships» 
and  the  directors  of  shipping  companies  or  agents  by  whom  shipping  affairs 
are  conducted,  should  themselves  have  the  means  of  ascertaining  the  relative 
dynamic  merits  and  working  condition  of  their  ships  without  any  reference 
whatever  to  the  professional  assistance  of  builders  or  engineers,  but  be  enabled 
to  judge  for  themselves  whether  the  performance  be  good  or  bad  by  refer- 
ence to  the  data  afforded  by  their  counting-house  records ;  and  this  desirable 
object  may  be  at  once  effected  by  the  displacement  of  the  ship  being  known, 
and  by  substituting  in  the  foregoing  formula  the  consumption  of  fuel  in  a 
given  time  (say  the  weight  in  cwts.  (W)  consumed  per  hour),  in  lieu  of  the 
expression  for  power,  and  regarding  the  hull,  machinery,  and  boilers  collect- 
ively as  an  int^ral  equipment  of  which  the  coefficient  derived  from  the 

VxD* 
formula  — W~~^  indicates  the  dynamic  condition  with  reference  to  the 

dynamic  condition  of  other  vessels  tested  by  the  same  rule,  viz.: — ^Multiply  the 

cube  of  the  speed  by  the  square  of  the  cube  root  of  the  mean  displacement, 

and  divide  the  product  by  the  consumption  of  fuel  per  hour  expressed  in 

cwts«    The  quotient  indicates  the  relative  dynamic  condition  of  the  vessel. 

For  example :  a  steam-ship  (A)  performed  out  and  home  voyages  amounting 

to  7200  nautical  miles  in  652  hours,  being  at  the  average  speed  of  11*04 

knots  per  hour,  the  consumption  of  coal  was  1519  tons,  or  30,880  cwts^ 

being  at  the  rate  of  47  cwts.  per  hour,  and  the  mean  displacement  was  29S4 

tons.     Hence  the  coefficient  of  dynamic  duty  indicative  of  the  merits  of  the 

^                      .u-             •       .    (ll-04yX(2934H     1345-6x205     ,,^^ 
performance  on  this  occasion  is 47 47 =5870. 

Again,  another  vessel  (B),  with  a  mean  displacement  of  840  tons,  attains  on 

long-continued  service,  the  average  speed  of  12*78  knots  per  hour,  with  the 

average  consumption  of  50*3  cwts.  coal  per  hour,  giving  a  coefficient  of 

,         .     ,  ,    (12*78/ X  (840)1     2087-3x89     ^^^^      ^^       . 
dynamic  duty  ^^ ^^^ ^= — ^^^ — =3693.    Thus,  in  one  case 

(A),  the  coefficient  of  dynamic  duty,  based  on  the  consumption  of  fuel,  is 
5870,  whilst  in  the  other  case  (B),  it  is  only  3693  ;  that  is,  one  cwt.  of  coal 
in  A  performs  as  much  dynamically  effective  work  as  is  performed  by  1^ 
cwt  in  the  case  of  B,  a  discrepancy  which  may  well  induce  professional 
inquiry  being  instituted  by  the  shipowner,  whether  the  inferior  performance 
of  B  is  occasioned  by  inferior  type  of  form,  or  foulness  of  bottom,  or  inferior 
principle  of  mechanical  appliances,  or  inferior  management,  or  bad  coal ;  for 
these  causes,  combined,  or  indeed  either  one  of  them  alone,  may  be  sufficient 
to  account  for  the  result. 

Now,  what  are  the  all-important  elements  of  construction  thus  proposed  to 
be  embraced  in  public  records,  and  thereby  made  known  to  the  purchasers 
and  charterers  of  ships  with  a  view  to  enable  such  parties  to  test  the  economic 
working  capabilities  of  ships,  so  conducive  to  the  reformation  above  referred 
to?  Why,  by  the  rule  above  enunciated,  the  displacement  corresponding  to 
the  constructor's  load  draught  at  which  the  ship  may  be  tried,  and  to  which 
approximately,  as  a  general  rule»  the  ship  may  be  loaded,  becomes  the  only 
item  of  statistical  data  that  requires  to  be  officially  recorded,  for  the  test  trial 
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and  sea  performances  of  ships,  as  above  shown,  will  give  the  capabilities  for 
speed ;  and  the  consumption  of  fuel  per  hour  corresponding  thereto  will  be 
known  from  the  counting-house  ledger* 

It  is,  therefore,  suggested  that  the  registration  records  of  every  ship  give 
the  displacement  when  the  ship  is  immersed  down  to  some  definite  line,  which 
may  be  denominated  the  constructor's  load  line. 

The  assignment  of  the  constructor's  load  line  draught  forward  and  affc,  and 
the  corresponding  displacement,  are  all  the  statistical  data  that  are  required  to 
be  registered  in  addition  to  the  details  of  registration  already  enforced  under 
the  Merchant  Shipping  Act  of  1 854,  in  order  to  determine  the  comparative 
coefficients,  and  put  the  system  of  practical  rivalry  hereby  suggested  into 
operation,  as  being  the  most  effective  system  for  inducing  improvement  in 
naval  architecture. 

As  regards  the  existing  system  of  shipping  statistics  and  shipping  registra* 
tion,  with  reference  to  its  affording  data  available  for  promoting  shipping 
improvement,  this  Committee  has  to  observe  that,  although  the  aggregate 
register  tonnage  of  mercantile  shipping  appears  to  be  a  very  close  approxi* 
mation  to  the  aggregate  weight-carrying  capability  of  the  entire  mercantile 
navy,  still,  when  considered  in  detail  with  reference  to  particular  ships,  it 
b  found  that  the  register  tonnage  of  a  ship  affords  no  approximate  criterion 
whatever  either  of  the  load  displacement  or  of  the  weight-carrying  capabili- 
ties of  ships  respectively;  for,  by  reference  to  Appendix  No.  2,  it  will  be  found 
that  ships  are  frequently  loaded  with  dead  weight  of  cargo  to  the  extent  of 
double  their  register  tonnage,  and  the  statement  (Appendix  No.  2)  shows 
the  following  extreme  cases  of  weight-carrying  capability  with  reference  to 
register  tonnage : — 


Coantry  traded 
with. 

Vetsels. 

Weight  of 
Cargo. 

Register 
Tonnage. 

Ratio  of 
Cargo  to 
Tonnage. 

34 
1 
2 

tons. 
11,576 

780 

2,391 

4,075 
259 
455 

2-8  to  1 

3tol 

5-2  to! 

Tnnit     

Bolivis  ....•••••••• 

These  cases  appeared  so  remarkable,  that  the  Committee  were  anxious  to 
prosecute  inquiries  with  reference  to  the  build  and  sea  performances  of  those 
particular  ships,  and  with  that  view  they  addressed  a  letter  to  the  Custom 
House  for  the  purpose  of  identifying  the  vessels  thus  referred  to ;  but  the 
official  fees  demanded  for  responding  to  such  inquiries,  put  it  out  of  the 
power  of  the  Committee  to  avail  themselves  to  any  useful  purpose  of  the 
shipping  statistics  of  Government. 

AnoUier  difficulty  which  greatly  obstructs  the  collecting  of  statistics  on 
the  sea  performances  of  mercantile  shipping,  is  the  great  number  of  vessels 
bearing  the  same  name.  In  many  cases,  there  are  scores  of  vessels  bearing 
the  same  name,  thus  rendering  it  extremely  difficult  to  trace  and  scrutinize 
the  performance  of  a  vessel  of  any  name  with  certainty  as  to  her  identity ; 
for,  in  publishing  the  arrivals  and  departures  of  shipping  in  mercantile  navy 
records,  the  registered  number  of  a  ship,  which  constitutes  the  only  means 
of  identification^  is  not  generally  given  in  connection  with  her  name. 
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A  further  iDStance  of  the  insufficiency  of  our  present  system  of  shipping 
registrfttion  as  statistical  data  indicative  of  the  sixe  of  the  hull  of  steam  ship- 
ping, is  afforded  by  the  statement  given  in  Appendix  No.  S,  which  has  been 
deduced  from  a  Return  of  the  House  of  Commons,  showipg  the  per-centage 
deduction  from  the  gross  tonpage  allowed  for  the  engine  rooms  of  steam-ships ; 
whence  we  see  that,  without  any  reference  whatever  being  made  to  the  actual 
weight  of  the  machinery,  deductions  are  made  from  the  gross  tonnage  vary- 
ing from  5  per  cent  to  92  per  cent  of  the  gross  measurement,  the  remainder 
only  being  brought  to  account  as  the  registered  tonnage  of  the  ship. 

In  conclusion,  this  Committee  beg  to  observe,  that  if  the  views  thua 
brought  before  the  notice  of  the  British  Association  should  be  deemed  worthy 
of  further  prosecution,  and  be  favourably  entertained  by  the  Government, 
the  statistics  of  the  Post-office,  as  respects  the  constructive  elements,  and 
test  trials,  and  subsequent  sea  performances  of  the  various  steam-ships  em« 
ployed  in  H.  M.  Mail  Service,  would  afibrd  a  collection  of  statistical  data 
which,  if  duly  analysed  and  applied  as  herein  suggested,  would  greatly  pro* 
mote  the  objects  of  this  inquiry,  which  the  British  Association  has  thus  been 
pleased  to  institute. 

The  Committee  have  the  painful  duty  of  announcing  the  death  of  one  of  its 
members,  James  Perry,  Esq.,  whose  personal  character,  practical  intelligence, 
and  public  usefulness,  were  of  such  an  order,  that  his  decease  may  be  mourned 
as  a  public  loss. 

(Signed) 

WILLIAM  FAIRBAIRN,  Oiairman. 
CHARLES  ATHERTON. 
ANDREW  HENDERSON. 
HENRY  WRIGHT. 

The  following  circular  was  addressed  to  Shipowners  and  Shipping  Com- 
panies requiring  information  and  assistance. 


APPENDIX. 

I...T0  Shipping  Companies,  Shipowners,  and  others  connected  with  the 
Mercantile  Management  and  I^irection  of  Ships. 

Committee  on  Shipping  Statistics. 

11  Baddngfasm  Straet,  Addlpfai,  London,  WXX, 
26th  April,  1868. 

GxvTLSMBV,-p-The  attention  of  the  British  Association  at  their  late  Meet* 
ing  in  Dublin,  having  been  directed  to  the  consideration  of  shinping  statistics^ 
the  Coounittee  of  the  Association  came  to  the  resolution  <*  tnat  the  applica- 
tion of  science  to  the  improvement  of  steam-ships  has  been  impeded  by  the 
difficulty  of  obtaining  the  necessary  data  from  the  present  registration  " ;  a 
Committee  were  thereupon  appointed  to  inquire  into  this  subject,  which  Com- 
mittee beg  the  favour  of  your  assistance,  with  a  view  to  ascertain,  from  the 
general  experience  and  records  of  shipping  companies,  shipowners,  and  others 
connected  with  the  mercantile  management  and  direction  of  shipping,  what 
description  of  vessels  has  produced  the  best  results. 

In  the  prosecution  of  this  inquiry,  the  Committee  desire  now,  in  the  first 
place,  to  ascertain  what  have  been  the  actual  sea  performances  of  ships,  and 
their  att^tion  being  thus  directed  to  instances  in  which  the  performance  of 
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particular  ships  has  been  remarkable,  further  steps  will  hereafter  be  taken  to 
Inquire  into  the  circumstances  of  such  cases,  and  ascertain  the  peculiarities 
of  proportion  and  type  of  form  of  the  vessels  which  have  produced  such 
results. 

With  these  objects  in  view,  the  Committee  request  the  favour  of  your 
filling  up  the  annexed  form,  giving  an  example  of  the  quickest  voyage  made 
hf  each  of  the  vessels  of  the  line  of  packets  under  your  direction,  on  the 
pf|saage  or  station  on  which  such  vessels  respectively  may  have  been  em- 
ployed. 

I  am.  Gentlemen, 

Your  very  obedient  servant, 

HENRY  WRIGHT,  Hon.  Sec. 
By  Order  of  the  Committee. 

N.B.  The  Committee  will  feel  obliged  by  your  returning  the  form,  when 
filled  up,  to  the  above  address,  as  soon  as  convenient ;  not  later  than  the  1st 
of  June. 


ShIPFIKO  COMlffnTEB, 

Office,  11  Buckingham  Street,  London,  W.C. 
[Ft  if  requested  that  this  form  hefiUed  up  and  returned  by  the  Ut  of  June,  1858.] 

h  k  rMmoted  tfaAl  thfl  lJ^p]d(Hnni--iii  at  ibe 
VnufrlulK:  fiircD  nl  tbe  roUowlni'  DrttLfebt^  H 
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IIL — Statement  abstracted  from  a  Return  of  the  House  of  Commons,  show- 
ing the  total  number  of  Steam  Vessels  Registered  in  the  United  King- 
dom on  or  before  the  Ist  of  January,  1855,  and  the  Per-eentage  of  De- 
duction from  Gross  Tonnage,  allowed  for  Engine-room,  distinguishing 
whether  Wood  or  Iron  Paddle,  and  Wood  or  Iron  Screw  Vessels. 
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(General  Summary. 
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HENRY  WRIGHT. 


Notice  of  the  Instruments  employed  in  the  Magnetic  Survey  of  Ireland, 
with  some  of  the  Restdts.    By  the  Rev.  H.  Llotd^  D.D.y  MMJ.A. 

The  Irish  portion  of  the  magnetic  survey  of  the  British  Islands  was  com- 
menced in  the  beginning  of  August  last,  and  is  now  neariy  terminated, 
nothing  remaining  for  its  completion  but  the  determination  of  some  of  the 
instrumental  constants.  The  observations  in  the  northern  half  of  Ireland 
were  made  by  Profs.  Galbraith  and  Haughton>  and  those  of  the  southern 
half  by  Dr.  Lloyd  and  G.  Johnstone  Stoney,  Esq.  The  instruments  employed 
were  similar  in  the  two  divisions  of  the  island,  and  consisted  of  a  theodolite 
magnetometer,  and  of  a  dip  circle  furnished  with  an  apparatus  for  the  deter- 
mination  of  the  earth's  magnetic  force  in  absolute  measure.  The  compara- 
bility of  these  instruments  was  established  by  observations  taken  at  Dublin 
at  the  commencement  of  the  survey.  The  elimination  of  the  magnetic  changes 
will  be  effected  by  means  of  simultaneous  observations  made  at  the  mag- 
netical  observatory  of  Dublin.  The  theodolite  magnetometer  for  the  mea- 
surement of  the  magnetic  declination  differs  somewhat  from  instruments  of  a 
similar  nature  hitherto  in  use, — the  difference  consisting  in  observing  the  sun 
(or  other  celestial  object)  by  reflexion^  and  transferring  the  transit  acyust- 
ments  to  the  axis  of  the  mirror  employed  for  that  purpose.  By  this  arrange- 
ment, the  observing  telescope  is  always  horizontal,  and  in  readiness  for  the 
magnetic  part  of  the  observationt  The  instrument  is  furnished  also  with  the 
means  of  determining  the  horizontal  component  of  the  magnetic  force  in 
absolute  measure ;  but  this  was  not  employed,  the  determination  of  the  total 
intensity  by  means  of  the  dip  circle  leaving  nothing  to  be  desired.  The  ap- 
paratus required  for  this  latter  determination  consists  of  two  additional  needles, 
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one  of  which  is  loaded  with  a  small  weight,  placed  at  a  fixed  distance  from 
the  centre  on  the  southern  arm.  The  observation  consists  of  two  parts^  in 
one  of  which  the  produd  of  the  earth's  magnetic  force  into  the  magnetic 
moment  of  the  magnet  is  found  by  observing  the  position  of  equilibrium  of 
the  loaded  needle,  when  placed  on  the  agate  planes ;  while,  in  the  other,  the 
ratio  of  the  same  quantities  is  found  by  employing  the  same  needle  to  deflect 
another  substituted  in  its  place.  The  apparent  obstacle  to  the  success  of  this 
method  lies  in  the  smallness  of  the  angle  of  deflection  produced  by  a  dipping- 
needle,  when  employed  as  a  deflector  at  the  usual  distances ;  the  error  of  the 
deduced  force  being  inversely  as  the  sine  of  the  angle  of  deflection.  The 
equation  of  equilibrium  of  the  deflected  needle  involves  a  quantity,  which 
may  be  expanded  into  a  series  of  the  inverse  odd  powers  of  the  distance  (be- 
ginning with  the  inverse  third),  the  coefllicients  of  which  are  functions  of  cer- 
tain integrals  depending  on  the  distribution  of  magnetism  in  the  two  needles. 
The  law  of  distribution  being  unknown,  these  coeflicients  can  only  be  deter- 
mined by  repeating  the  observation  at  several  known  distances,  and  elimi- 
nating among  the  resulting  equations.  Now,  at  the  distances  usually  em- 
ployed in  obsiervations  of  deflection,  the  angle  of  deflection  produced  by  a 
dipping-needle  would  be  too  small  for  accuracy;  and  if  the  distance  be 
diminished,  the  number  of  terms  of  sensible  value  will  be  increased,  and 
there  will  arise  increased  difficulty  and  uncertainty  in  the  elimination.  This 
difficulty  is  avoided  by  availing  ourselves  of  a  circumstance  which  ap- 
pears to  have  been  generally*  overlooked.  It  is  not  necessary  that  the 
usual  deflection  distance  should  be  one  of  the  series  employed  in  deducing 
the  coefficients  of  the  inverse  powers  of  the  distance  in  the  value  of  the 
constant ;  it  is  not  even  requisite  that  the  relative  positions  of  the  two 
magnets  should  be  similar  in  the  two  cases :  for  if  the  value  of  the  cor* 
responding  function  be  found,  foi^  anj/  other  position,  and  at  atn^  other 
distance)  tiiat  of  the  required  function  will  be  known  by  a  comparison  of  the 
deflections  produced.  Accordingly,  the  principle  of  the  present  method  (so 
far  as  the  deflection  process  is  concerned)  consists  in  observing  the  angle  of 
deflection  in  the  regular  series  of  observations,  at  a  very  short  distance,  the 
deflecting  needle  being  attached  to  the  moveable  arm  of  the  divided  circle 
which  carries  the  verniers,  so  as  to  be  always  rendered  perpendicular  to  the 
deflected  needle  in  the  course  of  the  observation.  In  the  determination  of 
the  constant  the  whole  apparatus  is  to  be  turned  in  azimuth,  until  the  de« 
fleeted  needle  is  vertical.  The  deflecting  magnet  is  then  to  be  removed  from 
its  usual  position  above  described,  and  placed  horizontally  on  a  support  out* 
side  the  box  on  a  level  with  the  agate  planes,  and  the  equilibrium  produced 
by  turning  the  apparatus  in  azimuth  as  before.  This  observation  having 
been  repeated  at  several  known  distances,  we  have  all  the  data  for  the  deter- 
mination of  the  unknown  constant.  By  these  means  the  uncertainty  of  the 
result,  arising  from  the  smallness  of  the  angle  of  deflection,  is  removed  from 
the  regular  series  of  observations,  and  thrown  upon  the  determination  of  the 
eonstant,  which  may  be  made  at  leisure,  and  repeated  as  often  as  is  requisite 
for  accuracy.  Even  when  the  constant  is  undetermined,  the  instrument  may 
be  used  to  observe  the  total  force  relatively^ — the  method  having  this  advan- 
tage over  other  relative  methods  hitherto  used,  that  the  results  are  completely 
mdqpendiaU  cfihe  changes  rfthe  magneUc  momenis  (fthe  needks  in  the  inter- 
vals of  observation.  Dr.  Lloyd  concluded  by  stating  some  of  the  results  of 
the  survey,  so  far  as  they  have  been  calculated.  But  as  these  calculations 
are  still  incomplete,  the  results  can  only  be  regarded  for  the  present  as  pro- 
▼irional« 
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Report  cf  Dublin  Dredging  Committee,  appoUUed  1857-68. 
By  Professor  J.  R.  Kinahan^  M.D.y  M.RJ.A. 

During  the  past  yeatt  the  followiag  distriotSy  all  in  the  immediate  vicioity  of 
Dublin,  have  been  examined : — Killiney  Bay,  Bray  Head,  Kisb  Bank,  South 
Strand,  Dalkey  Sound,  Howth,  Malahide,  Lough  Shinny,  Bettystown,  and 
oonsiderable  advance  made  towards  the  oompletion  of  the  Report.  The 
following  numbers  of  species  have  been  catalogued  :*<* 

Fishes,60;  Molluscs,  including  Polyzoa,  262;  Crustacea,  105;  AnKsbnida,  5; 
Eohinodermata,  29;  Hydrozoa,  60;  Actinozoa,  17;  Sponges,  10;  and  many 
Annelides  not  yet  identified*  Various  untoward  events  prevented  the  Com- 
mittee from  carrying  out  fully  the  dredging  arrangements  which  they  had 
.made  at  the  commencement  of  the  year.  For  the  better  perfecting  of  the 
.Report,  they  have  determined  to  allocate  to  the  several  Members  of  the 
.Committee  certain  classes  of  animals  as  the  special  object  of  study,  and  have 
divided  these  as  follows ;— Professor  Kinahan,  M.D.,  Articulata  and  Sponges; 
Dr.  Carte,  Vertebrata;  Dr.  Wright,  MoUusca;  and  Professor  J.  R.  Greene, 
Echinodermata,  Coelenterata,  &c  They  propose  also  to  include  in  their  final 
report,  as  complete  a  list  of  the  fishes  of  Dublin  Bay  as  practicable,  for  which, 
as  well  as  the  further  prosecution  of  their  dredging  researches,  they  would 
ask  for  a  grant  not  exceeding  £15  for  the  year  1858-59,  the  Committee 
consisting,  as  last  year,  of  Professor  Kinahan,  Dn  Carte,  Dr.  Wright,  and 
Professor  Greene. 


Report  on  Oruetaeea  qf  Dublin  Dieirict.  By  John  Robbet  Kina- 
han^ M.D,f  M.RJ.A.y  Professor  of  Zoology  in  the  Department  e^f 
Science  and  Art. — Part  I.  Decapoda  Podophthalmata. 

'  T|ia  marine  districts  comprised  in  this  Report  consist  of  a  series  of  oipen. 
.  bays,  into  nuMt  of  which  a  riyer*>mouth  enters ;  and  of  one  or  two  extensive 
sand'banks  which  lie  <^  the  east  coast  of  Ireland. 

The  chief  stations  are — Dublin  Bay  and  the  estuaries  of  the  rivers  Dodder, 
.Anna  Lifiey,  and  Tolka;  a  long  lighthouse  pier  separates  this  into  sub- 
districts — the  North  and  South  Bulls.  The  South  Bull  is  almost  exclusively 
fine  sand,  containing  great  numbers  of  broken  shells,  being  made  up  irom 
the  washings  of  a  clifi*  of  marine  drift ;  an  extensive  strand,  left  dry  here  at 
low  water,  is  dotted  oyer  with  sand-pools,  in  which  Carcinus  MemaSf  Mysis 
.  pulgarii^  Mysis  Chamakon^  PaUBmon  squiUaj  P.  varians^  Crangon  vulgaris, 
Oammarus  locustch  Gammartts  palmatus  and  other  species  are  found.  A 
tidal  stream  called  the  Cockle  lake,  divides  the  bed  of  drift  abready  spc^en  of 
from  the  strand  proper ;  this  at  high  tides  is  in  many  places  from  3  to  3 
fathoms  deep,  but  is  singularly  destitute  of  Crustacea ;  the  bottom  is  a  quick- 
sf^nd. 

Passing  along  from  this  station  towards  Kingstown  Harbour,  we  meet 
several  patches  of  Zostera,  in  which  Part,  holsatus  is  found  in  some  numben ; 
having  passed  Kmgstown,  the  bay  becomes  rocky,  one  or  two  sostera^dad 
banks,  here  called  Mullet  Grass,  being  interspersed  among  the  roeks;  one  of 
these,  near  Sandycove,  Himished  me  at  low  water  with  the  foUowingspeeiessw. 
ffippolyte  varianSf  ff.  CranchUf  Pandakit  kptorkynokus  (new  species), 
Mysis  vulgaris  and  chamcBleon^  Crangon  vulgaris^  Crangon  fm 
Apseudes  UdpOy  Atekcyclus  heterodon. 


Digitized  by  VjOOQ IC 


ON  CRUSTAOXA  OF  BU9LIN  DISTBICT.  969 

Dalkey  Sound/a  narrow  chanDel,  separating  Dalkey  Island  from  the  main 
land  and  from  S  to  10  fathoms  deep,  bounds  the  Dublin  station.  In  the 
Sound,  the  following  species  occur: — Portuntts  cUpuraior^puberi  holsaius  and 
pusilhu,  Inaekus  Horynehus  and  Dors^tenns^  Hyas  coaretatuM^  Euryname 
^tjmerOf  Pirmela  denticukUOt  Pitmotheres  pUum^  EboHa  PenncmtU  and 
drunMif  Bemkardus  Star^Umyx^  Tkompsonii,  CuanemiSi  UUdianus  and 
^yndma$mh  Galatkea  Andreumi,  itrigosa  and  sguamifira,  Palinurui  vttl^ 
fforis,  ffippofyte  variant^  Thompionii  and  puiiofay  Pandahu  imnuUoomiif 
and  many  of  the  commoner  species. 

Killiney  Bay,  which  suoeeeds  this,  and  is  bounded  by  Bray,  is  partly  sand 
and  part  shingle  and  rocks ;  it  calls  for  no  detailed  description*  At  Bray  the 
Bnnr  rivor  enters  and  forms  a  mud  bank  in  about  10  fathoms  to  the  south 
ef  Bray  Head ;  here,  in  the  lobster  pots,  Pal(emon  urraUu  has  been  said  to 
have  been  taken.  Distant  about  7  miles  from  Bray  Head  is  a  bed  called 
the  Scallop  bed,  part  of  the  Kish  bank,  the  water  varying  from  6  to  over  25 
fiUhoms.  Here  many  rare  and  one  previously  undescribed  speoies  has 
occurred,  such  as  Crangon  sctUpiuSy  Crangon  Alkmmni,  Galatkea  Andreumi, 
all  the  Bimkardif  except  Pridmwriiy  the  two  Ebakas  already  mentionedi 
AemUkmoius  teshido,  Anipelisca  fypwu$^  Ntpkropt  Narvegious. 

The  North  Bull,  owing  to  the  influx  of  the  three  rivers  already  named*  it 
ehiefly  mud  passing  into  rock  at  Howth :  this  district  has  never  been  oare- 
fuUy  6Z[dored,  but  the  following  species  are  often  thrown  upon  the  white 
sandy  a  bank  similar  to  that  alreaidy  noted  as  the  South  Bull  t  Cary^et  Cath 
jMMiannitif,  Pwiunmns  variegatm,  Pikmnus  kirteUHS. 

Balscaddan  Bay,  Howth,  is  rocky ;  here  AmpkUM  liUarma  is  eonimon, 
H^ppclyie  twirtaiu,  H^ppolyie  CnmchH,  Mytii  vulgtms  and  cAafluvjboHy 
Poroel&maplaiycheles. 

Fortmamock  Bay,  which  next  sueeeeds,  is  chiefly  sandy,  slob  banks  oecur- 
fing  in  parts.  At  Malahide  a  great  muddy  estuary,  due  to  the  influx  of  the 
Swards  river,  is  found.  This  mud  slob  is  separated  from  that  at  Rush  and 
Lusk  by  the  Burrow  of  Portrane,  which  is  sandy  like  the  two  Bulls;  to  the 
north  of  this  the  coast  becomes  rocky  till  we  get  to  Skerries,  where  three 
islands  eause  the  formation  of  a  bank*  from  which  in  10  fathoms  the  late 
Robert  Ball,  LL.D.,  procured  Crangon  trUpuumu^  and  Duutyki  Ba4kkii, 

From  Skerries  to  the  mouth  of  the  Boyne  the  beaches  are  all  sandy»  and 
oall  for  no  special  remark. 

Two  outlying  stations,  via.  Ireland's  Isle,  or  Eye,  near  Howth  and  Lambay, 
which  lie  abreast  of  Portrane,  have  afforded  many  rarities  {  but  nevw 
having  perscmally  examined  them,  I  must  defer  particular  notice  of  them  till 
some  future  period* 

The  fluviatile  districts  afford  us  AMaensJhmiatiluy  Oammarua^fimriaHUtf 
besides  Entomostraca  in  abundance.  At  the  mouths  of  rivers  manv  of  the 
marine  species  ascend  even  into  the  fresh  water ;  these  are  marked  in  the 
accompanying  Tables  as  subfluviatile;  they  are  Crangon  vulga/risy  Mfyns 
chanuskon  ?  and  vulgaris,  Gammarus  Jiuviatilisy  Spheroma  serratumf 
Orchesiia  UBvis,  OrchesHa  liUorea,  Corophium  Umgicome,  Carcinus  Mcbmu. 

The  terrestrial  species  are  at  present  recorded  in  greater  numbers  than  in 
any  other  district,  probably  having  been  more  sought  after,  all  the  genera, 
save  Platyartkrus,  being  represented  here.  The  chief  species  wanting  in  the 
Dublin  Ibts  are  those  which  frequent  deep  water,  and  which  will  probably 
be  yet  found  when  the  deeper  parts  of  the  Bay  are  better  searched.  Mud 
burrowers  are  also  absent,  which  will  most  certainly  yet  be  found.  It  is 
intended  to  embody  all  remarks  bearing  on  the  peculiarities  of  the  distribu- 
tion of  species  in  the  last  part  of  this  report ;  at  present  I  shall  content  myself 
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Vfiih  a  summary  of  the  species  belonging  to  the  Decapoda  found  here,  con- 
trasting this  with  the  numbers  found  in  Great  Britain  generally,  and  also 
with  those  found  in  Ireland. 

The  exact  habitat  of  several  species  recorded  here  is  as  yet  a  desideratuno, 
although  some  of  these  are  by  no  means  rare  as  drift  species ;  these  are 
PortumnusvariegcUuSyCarystes  Cb»nVe/!atiiiti«,  extremely  common;  Gonopiax 
angulaiusy  drifted  in  at  Portmarnock  (supposed  to  inhabit  mud  banks  near 
Knocknagin ;  for  this  note  I  am  indebted  to  Charles  Farran,  MJ>.) ;  Ate^ 
Ucycltu  heterodon  (full-grown  specimens),  Pariunus  areuatuSi  P&rtunus 
carrugatua^  GakUhea  nexa^  Bemhardus  Prideauxii,  Paktmon  derrahUf  PaU- 
nwrus  vulgaris* 

The  following  species  hare  as  yet  been  noted  only  on  the  Dublin  coast: — 
Orangtm  AUmanni  (also  Belfast,  August  1858),  Pandalus  UpiarkynehuSp 
Iphimedia  JSblatuB, 

Thefollowing  hasnot  occurred  elsewhere  inlreland: — Crangan  trispinatusi 
and  many  species,  as  Crangon  tculphu^  C.  faaciakUi  Pirimela  denticulaia^ 
are  of  extreme  rarity  elsewhere. 

In  Dublin  Bay,  as  will  be  seen  by  reference  to  Table  B,  Appendix,  have 
been  recorded  fifty- nine  species  of  Decapoda  out  of  the  ninety-one  poaitiTely 
recorded  in  Ireland.  These  represent  thirty  genera, — the  genera  wanting 
here  being  Maioy  Pisa,  AcJubus  (?),  Polgbius,  Tkia,  Nika  (?),  A^fkau, 
Athanas — all  genera  of  the  south  and  west ;  Mumdoy  OMa,  CaheartMy  Cai- 
Kanassa,  genera  of  deep  sea  or  mud-burrowers,  and  Cynihiiioy  Maeromyds^ 
Vaunthompsoniay  IpMnoe,  and  Cgrianatsay  genera  as  yet  but  little  under- 
stood and  easily  overlooked.  Pasiphae  is  the  only  genus  which  has  not 
been  met  elsewhere  in  Ireland ;  its  occurrence  in  Dublin  is  doubtful  (vide 
Appendix,  Table  A). 

Of  the  thirty-two  Irish  species  not  recorded  in  Dublin  and  not  belonging 
to  the  genera  here  noticed,  Xantho  rivuhsa  and  tubercukUOy  Porinmu  ear^ 
einoides  and  marmoreusy  Pinnotheres  veterum,  Htppofyie  MiichdUy  Pakeman 
Leachih  Mysis  Gr\ffUhsii  (?),  are  probably  western  and  southern.  Inatkus 
IqtiochiruSf  Crangon  hispinosus,  Bemhardus  Farhesih  inhabitants  of  deep 
water,  and  Crangon  spinosus,  a  northern  species;  Bemhardus  Uevis  and 
Achaus  CranehU  have  been  reported  to  me,  but  I  hesitate  to  insert  them  at 
present. 

As  compared  with  the  numbers  given  as  British,  it  must  be  borne  in  mind 
that  among  the  latter  are  included  many  whose  specific  value  is  doubtful ;  at 
the  same  time  we  could  scarcely  expect  that  all  the  nor^em  or  sotUhem 
i^>ecies  which  occur  around  the  coast  of  Great  Britain,  should  ever  be  found 
here.  Of  most  of  the  species  recorded  here,  I  have  procured  specimens  in 
ova,  from  many  of  which  I  have  succeeded  in  hatching  the  zoes ;  these,  should 
time  permit,  I  would  propose  to  notice  in  the  concluding  portion  of  my 
report,  when  I  come  to  speak  of  the  development  of  the  group  generally. 

Lists  of  the  genera,  families,  and  species  are  appended. 
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APPENDIX. 

Table  A. — Tabular  view  of  Genera  of  British  Crustacea  Podophthalmia, 
showing  distribution  of  genera  in  Dublin  as  contrasted  with  the  whole  of 
Ireland  and  with  Great  Britain  and  the  Samian  provinces. 


Pamiliet  and  Genera. 


DubUn. 


Irbh. 


Not  found 
in  Great 
Britain. 


British 

and 
Sarnian. 


EUBRANCBIATA. 

Brachyonu 


Inachns  

MaU  

Pisa    

Hyas  

Lq»topodidiB. 

Acbaeui 

Sienorhynchos 
Lambrids. 

Eurynome 

CancrKis. 

Pinmela 

Cancer   

Xantho  

Eriphidae. 

Pilumnuf   

FortanidA. 

Portnnas    

PhityonychidsB. 

Cardnns 

Portummit 

Polybitts 

ThiidsB. 

Thia   

Corystidie. 

Ateteeydns 

Corystet 

GonopJacids. 

Gonofdaz   

PinnotheridsB. 

Pinnotheres   ... 

Pimm    

Lettcotiadft. 
Sbalia    


Anomounu 
Dromiim. 
Dromia  


ins 

Ptiffuriitet .. 
PorodUnidK. 

PoroeUana  .. 
Oalatheidse. 

Galathea    .. 

Monida 

1858. 


1 

1 

1 

1 

♦(0 

1 

6 

1 
1 


6(1*?) 


I 
I 

9 


•Very  doubtful,  X.Jlorida. 


*Porltmu9  careinoides. 


Channel  Islands. 


Not  Irish. 


1 


Not  Irish. 


*R  Prideaiuni  very  doubtful. 
*Pag.  Diiwjfnnii  not  Irish. 
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Table  A  (continued). 


Families  And  Genera. 


Macroora. 
GebidiB. 

Gebia 

Ajfimt 

Calocaris    ... 
Callianasricbe. 

Callianasaa. 
SeyUaridm. 

Jrehu    

PalinnridB. 

Palimuut   ... 
Aftacidie. 

Homanu    ..< 

Attacus  

Nephrops   ... 
CrangonidB. 

Crangon  

NUca  

PalnmonidflD. 

AlpbeoB 

Autonomea.,, 

Atbanas 

Hippolyte  ... 


Dublin. 


Irish. 


Pandalus 

Palismon 
PasipliKide. 

Paaiphae... 
Pannid». 

Pmumt  ..« 


ANOMOBBANCfilATA. 

Siomapoda. 
SquUlida. 
SquiUa    


Schizopoda. 
EttpkmuitUB. 

Thyttmopoda 

Mysidse. 

Cyntlulia    

Mysis 

MacromysiB    

Diastylids. 

Diastylis 

Cuma 

Yannthompsonia 

Eudora  

Iphinoe  

Bodotria 

Cyrianassa 


3  (1?) 

I 


Not  found     Britisli 
in  Great  I     and 
Britain^     Simian. 


1 
4 
1 


2» 


2 
1 

1 

1 

1 

1 

1 
1 

1 

8 
1 

2 
1 
1 

3 

4 

1 
1 


Not  Irish. 


Not  Irish. 


*C  AUmanm,  C.  PditmmM. 


*J.  nffini*.    Onemsey. 
Not  Insh; 

*A11  the  doubtfol  spedes  ktt 

included. 
*P.  kptorkynckM9. 


Not  Irish. 


»Not  found  in  Ireland. 


Ndt  Irish. 


Not  Irish. 
♦F.  erisftifo. 
Not  Irish. 

Not  Irish. 


The  first  column  gives  the  number  of  species  found  \n  Dubltn ;  the  second 
the  number  certainly  known  as  Irish;  the  third  contains  those  which,  white 
found  either  in  Ireland  or  the  Channel  Islands  or  both,  ai^  as  yet  unknown 
ih  Great  Britain ;  whilst' the  column  marked  British  is  intended  to  sii^w  the 
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number  of  species  found  on  the  shores,  &c,  of  Great  Britain,  Ireland,  and  the 
Channel  Islands*  The  families  and  genera  not  yet  proved  to  be  represented 
in  Ireland  are  itaUcized.  The  following  summary  shows  the  contrast  be- 
tween these  several  districts  as  r^^ards  the  number  of  species  and  genera. 

Table  B..«— Summary  of  number  of  species  and  genera. 


DittricU. 

Enbranchiata. 

Anomobrmichiata. 

Macrodia. 

Anomoura. 

Brachynra. 

Sto'mapoda. 

Aploopeda. 

Diiblin    

19 
30 

}      4 

^     47 

20 

2 

40 

2 

3(1?) 

0 

11 

I 

4 

8 

9 

Ireland   

Not  found  in  Great 
Britain    

British    

Totals  :— 

Speciet,  Irish 91.       Dublin 59.       BritUh 129. 

Genera,  Irish 47.       Dublin SO.       British 68. 

The  following  is  a  detailed  list  of  the  species  found  hitherto  in  Dublin ;— * 
Table  C. — Species  of  Crustacea  Podophthalmia  inhabiting  Dublin  Districts^  ' 
«  CoiQBieB.       ^  Very  common.       t  iUce.     t  Very  rsre.       U  iQsal. 


NamssfSpsiias. 

Ratio 
of 

rence. 

ZOMOfdistribvtioiL 

Rsnaits. 

Donettensis 

t 

* 

t 
** 

t 
t 

X 

* 

m 

* 
t 

♦ 

t 
t 

t 

» 

Coralline. 
Corallme. 

Laminarian — Coralline. 
Littoral— CoralUna. 
Coralline. 
Do 

One  specimen  only. 

One  yonng  specunen. 
Do. 

Rather  local. 

Never  dredged. 
Only  young  met. 

Ncfcr  dredged. 

Obtained  by  R.  Ban,  LL.D. 
AshH^deadqptoiman. 

HyaiaranevB    „,.... »..••... 

coarctatus     ............ 

Stenorhynchus  phalangiom 
Enrmome  asoera  

Phim^la  dpntimilata      

Cancer  paaiirtis  ...••••..■••.•• 

Laminarian--?  littoraL 
Littoral^Laminarian. 
Littoral  ? 

^oitnnns  pnber 

Do.  ?   

rj^iinaritiit — CoTalline. 
Laminarian— Coralline. 

Do.               Do 

Littoral— Laminarian. 

-       depnrator ............... 

—    .1  pnsillas  •• 

— ^  holsatns    

Carcinns  msmas    «>... 

Portomnus  yariegatns  

Atelecydns  hetenxion  

Coryttea  Caasivelaaniis 

GAllOnlftT  awila^M 

littond   „ 

Littoral    

Littoral   

Pinnothares  pisom... 

Coralline. 
Do 

Ebalia  Pennantii   ,,.^,......, 

— — 'Cranchii . 

Berahardns  fttreblonyx    ... 
— ^  Pridaaoxil 

Littoral— CoraHmc. 

-^— ThcmpsottSi 

CofaUiae. 
fLamiaariaii^"^oraUiiis« 

—1-  CnaneBiis ,.,. 

t2 
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Table  C  (continued). 


Name  of  Species. 

Ratio 

of 
oocur- 
rence. 

Zoneofdistribotioii. 

Remarks. 

Bembardas  Ulidiamia  

.♦♦ 
t 

t 

» 

* 
t 
t 

* 

»♦ 

t 

* 

t  Lamioarian— Coralline. 

Do.                   Do. 
Littoral— Laminarian    ... 
Littoral— Coralline. 
Laminarian     

Bxtremely  local. 
Never  dredged. 
Never  dredged. 

Never  dredged. 
Also  subflnviatile. 

Robert  Ball,  LL.D. 

Never  dredged. 

Do.        do. 

Do.        do. 
Also  gnbllnviatfle. 

Do.        do. 
Sandycove. 
Robert  Ball,  LL.D. 

Porcellana  plat^cheles  

Galathea  aouamifera 

Coralline,  &c. 
Laminarian  ••• 

Palinnms  vulflrarii 

Laminarian  and  Coralline. 

Pluviatile. 

Laminarian ••.•••••... 

Attactii  llnviatilis 

Homamt  vnlsaris  ............ 

Nepbrops  Norvegicus   

Cranson  voliraris 

Coralline,  &c. 

Littoral— Laminarian 

Coralline. 

Do. 
Laminarian. 
Coralline 

fuciatufl 

HiDDolvte  varians 

tLittoral — Laminarian  — 

tCoraUine. 
Laminarian — Coralline. 
Littoral — Laminarian. 
Laminarian — Coralline. 
tLaminariatt--Coralline. 

Laminarian .« »... 

Littoral— Laminarian    ... 
Coralline 

Ptndiiliis  annQlicomU  

PalBUMMi  Bouilla    ............ 

Littoral— Laminarian 

Uttoral— Laminarian 

Do.           Do 

Laminarian  ...t.....^»,.4. 

Diastvlia  Raibkii  

Coralline 

Xanthofiorida  is  stated  also  to  have  occarredj  but  needs  conGrmation ;  it 
may  possibly  occur  In  Lambay  Island. 


On  River  SteamerSy  Iheir  Fbrm,  Construction^  and  Fittings,  with  re- 
ference to  the  necessity  for  improving  the  present  means  of  Shallow 
Water  Navigation  on  the  Rivers  ^  British  India.    By  Andrbw 
Henderson^  A.LC.E.,  M.S.A.,  F.R.G.S. 

[A  Craunanication  ordered  to  be  printed  entire  among  tbe  Reports.] 
1.  Comprehensive  Obfeets  aimed  at. — The  object  of  this  paper  is  to  offer 
some  suggestions  for  the  improvement  and  extension  of  steam  navigation  on 
the  Ganges,  Burhampootra,  and  Irrawaddy,  in  the  east,  and  on  the  Indus  and 
the  Punjaub  rivers  on  the  west,  now  forming  the  river  boundaries  of  Engknd^s 
empire  in  India ;  the  coasts  and  harbours  affording  a  desirable  field  fur 
maritime  enterprise,  and  the  employment  of  Britbh  shipping.  The  valleys, 
deltas,  and  upper  affluents  of  those  rivers  extend  many  thousand  miles 
through  some  of  the  most  populous  and  fertile  regions  in  the  world,  the  whole 
route  from  east  to  west  traversing  the  most  ancient  sites  of  civilization  and 
channels  of  trade,  there  being  a  probability  that  the  navigation  of  the  Indus 
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will  be  brought  into  connexion  with  the  Ganges  by  means  of  a  canal  uniting 
their  upper  branches  so  as  eventually  to  enable  vessels  of  suitable  form  and 
dimensions  to  pass  uninterruptedly  from  Kurratche  on  the  west  coast,  through 
the  whole  riverine  system  of  British  India. 

2.  Proposal  for  the  aitainmeni. — Of  late  years  many  plans  and  proposals 
have  been  brought  forward  for  improving  and  extending  the  means  of  internal 
communication  in  India,  and  of  laying  open  to  European  commerce  and 
civilization  the  productive  resources  and  capabilities  of  the  country. 

3.  These  projects  may  be  divided  into  two  classes, — those  which  consist  in 
improving  the  means  of  land  transport,  and  those  which  refer  to  water 
transport. 

Of  the  first  class  there  are  three  kinds — roads,  tram-roads,  and  railroads  ; 
of  the  second  there  are  also  three  kinds : — river  navigation  in  the  main 
channels,  canal  navigation  in  connexion  with  irrigation,  and  lastly,  that  which 
forms  the  subject  of  the  present  paper — the  navigation  of  the  shallow  creeks, 
upper  branches,  and  minor  affluents  of  the  great  Indian  rivers  and  deltas. 

4.  Of  the  first  class,  all  require  not  only  the  construction  of  vehicles,  but 
of  the  tracks  which  the  vehicles  are  to  traverse,  and  are  consequently  expen- 
sive, and  require  a  considerable  period  of  time  before  they  can  be  brought 
into  practical  operation. 

Of  the  second  class,  with  the  exception  of  canals  which  are  supposed  to  be 
constructed  with  other  views  than  that  of  being  only  navigable  channels,  the 
others  merely  require  the  construction  of  the  vehicles,  and  are  consequently 
the  cheapest,  simplest,  and  at  the  same  time  the  most  readily  available. 

5.  To  make  the  importance  of  the  utilisation  of  the  existing  means  of  com- 
munication by  shallow-water  navigation  more  readily  understood,  it  may  not 
be  out  of  place  to  make  a  few  general  rejnarks  upon  each  of  the  plans  above 
enumerated. 

6.  Present  Roads  in  India, — First,  as  to  roads — such  as  deserve  the  name 
in  India,  have  hitherto  been  those  which  were  necessitated  by  considerations 
affecting  the  military  tenure  of  the  country,  or  were  confined  to  such  trunk- 
lines  of  communication  as  afforded  the  greatest  facilities  for  military  opera- 
tions, conjointly  with  the  most  pressing  requirements  of  the  commercial  inter- 
ests of  the  community.  In  all  countries  (where  water  transport  is  not  available) 
the  number  and  excellence  of  the  roads  may  be  taken  as  a  fair  index  of  the 
condition  of  the  population,  and  the  surest  test  of  their  comparative  progress 
in  civilization.  Judged  by  this  standard,  it  is  not,  perhaps,  overstating  the 
present  condition  of  the  greater  portion  of  our  Indian  empire  to  say,  that  it 
is  hardly  above  the  level  of  Britain  during  the  occupation  of  the  Romans. 

?•  There  were  splendid  military  roads  leading  from  one  great  military 
station  to  another;  if  these  stations  coincided  with  commercial  positions  of 
importance,  that  was  an  advantage  of  secondary  importance. 

8.  That  such  should  in  a  great  measure  have  been,  until  recently,  the  con- 
dition of  British  India,  may  be  matter  of  regret,  but  it  would  scarcely  be  fair 
to  lay  the  blame  exdusirely  upon  the  government  of  the  East  India  Company. 
Since  the  -relinqubhment  of  their  charter  as  traders,  their  first  duty  was  to 
govern  the  country,  to  maintain  order,  peace,  and  tranquillity.  Accordingly, 
whatever  was  done  in  furtherance  of  these  ends  was  done,  and  done  well ; 
but  It  was  obviously  impossible,  considering  the  extent  of  territory  under 
their  sway,  to  do  anything  beyond  constructing  such  trunk-lines  of  commu- 
nication as  were  required  for  military  and  strategic  purposes. 

9.  In  these  modem  days  of  large  enterprises,  however,  there  seems  to  be 
a  fatal  tendency  '*  to  run  before  we  learn  to  walk,'*  to  overlook  and  despise 
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the  necessity  of  turning  to  the  most  natural  and  preliminary  means  of  inter- 
course, which  ought  to  precede  and  pave  the  way  for  more  improred  and 
costly  means  of  traffic*  Because  we  cannot  do  all,  we  are  disposed  to  do  no- 
thing ;  because  we  cannot  have  railways,  we  neglect  to  make  the  roads  by 
which  the  railways  might  be  fed  and  supported ;  and,  lastly,  because  in  such 
a  poor  country  we  cannot  afford  to  construct  public  roads,  we  refuse,  unless 
in  a  very  imperfect  and  limited  way,  to  turn  to  account  the  existing  facilities 
for  water  transport  afforded  by  the  numerous  upper  branches  and  minor  afflu- 
ents of  the  great  Indian  rivers  which  traverse  the  country  in  every  direction. 

10.  AvaUabU  Shcillow-waier  Navigation. — Of  all  conceivable  means  of 
transport  from  one  place  to  another,  that  by  water  (where  a  smooth  and  level 
highway  is  provided  by  nature)  is  at  once  the  most  universal,  simple,  and 
least  expensive.  It  is  very  certain  that  the  coracle  and  the  canoe  were  in  use 
long  before  the  existence  of  wheeled  carriages  and  roads  adapted  to  them, 
for  the  very  obvious  reason,  that  carriages  even  of  the  rudest  description 
require  a  road  to  be  prepared  for  them.  The  ground  requires,  to  a  certain 
extent,  to  be  levelled  and  freed  from  obstructions  along  the  whole  route  which 
the  vehicle  has  to  traverse ;  whereas,  in  water  transport,  the  route  is  made 
and  levelled  to  hand ;  all  that  was  required  was  a  hollow  tree,  or  a  raft  of 
loose  branches  tied  together.  There  was,  moreover,  this  additional  advan- 
tage, that  such  a  mode  of  conveyance  required  less  labour  for  traction,  and 
at  the  same  time  admitted  of  the  application  of  other  than  human  or  animal 
labour,  by  turning  to  account  the  prdpubive  power  of  the  winds,  tides,  and 
other  currents. 

1 1.  Of  all  the  different  modes  by  which  it  is  proposed  to  increase  the  means 
of  internal  communication  in  India, — roads,  tram-roads,  and  railroads,  river 
navigation,  canal  navigation,  and  the  utilisation  of  the  shallow  water  chan- 
nels— there  is  not  one  but  what  is  under  certain  local  and  commercial  con- 
ditions, good  and  expedient ;  but  it  ought  to  be  borne  in  mind  that  they  have 
each  and  all  a  certain  natural  and  inevitable  relation  to  each  other ;  that  is, 
the  most  improved  and  expensive  means  of  communication  (as  regards  the 
first  outlay)  must  be  preceded  and  aided  by  the  next  lowest,  or  rather  the 
next  more  simple  and  less  expensive  mode. 

12.  Pathways  are  feeders  to  turnpikes,  and  these  to  railroads ;  and  as  a 
multiplicity  of  small  streams  unite  to  form  even  a  small  river,  so  do  these 
latter  in  turn  unite  to  form  the  main  current  of  the  principal  rivers. 

IS.  As  before  stated,  the  most  universal,  the  simplest,  and  least  expensive 
means  of  transport  is  that  afforded  by  the  natural  water  channels  already 
existing  in  the  country,  and  which  constitute  the  general  basis  from  which 
all  the  other  and  more  improved  means  have  been  derived  and  rendered 
practicable.  But  with  our  usual  tendency  to  expensive  and  ponderous  modes 
of  procedure,  the  system  of  most  of  the  water  transport  organized  by  English- 
men in  India  has  been  encumbered  by  the  extended  scale  upon  which  it  has 
hitherto  been  attempted.  Nothing  short  of  steamers  of  the  same  construc- 
tion and  dimensions  as  those  in  use  in  England  and  America  have  been 
thought  eligible  for  the  requirements  of  river  navigation  in  IndiS; 

14.  Now,  viewing  the  main  channels  of  the  principal  rivers  as  trunk-lines 
of  traffic,  there  cannot  be  a  doubt  that  vessels  of  considerable  dimensions 
are  desirable  for  the  conveyance  of  the  large  and  regular  amount  of  traffic 
which  is  to  be  anticipated  on  a  trunk-line  of  communication  ;  but  this  advan- 
tage of  using  vessels  of  large  dimensions  is  limited  by  the  disadvantage  of 
.  the  greater  draft  of  water  which  they  require,  owing  to  the  increased  weight 
of  the  vessels  themselves.     This  increase  in  the  draught  of  water  precludes 
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vessels  of  large  (fimensions  firom  entering  the  upper  branches  and  minor 
tribotaries  of  the  great  Indian  rivers. 

15.  Taking  into  account  the  provisions  already  madct  or  in  process  of  con^ 
struction  for  opening  up  the  interior  of  India,  by  trunk-lines  of  railway,  by 
roads,  canals,  and  steam  navigation  on  the  main  channels  of  the  great  rivers, 
and  also  taking  into  account  the  present  and  probable  future  condition  of 
India  for  many  years  to  come,  it  would  appear  that  the  most  urgent  and  im- 
perative requirements  of  India  are  not  so  much  for  additional  trunk-lines  of 
traffic,  as  for  feeders  to  supply  them — not  so  much  for  main  arteries  of  com- 
merce as  for  the  capillaries  by  which  they  are  to  be  kept  alive.  Railways  in 
India  or  elsewhere  would  be  comparatively  useless  if  it  were  not  for  the  means 
by  which  merchandise  is  conveyed  to  their  termini. 

16.  However  comprehensive  the  scheme  by  which  the  railway  system  of 
India  has  been  arranged,  no  system  which  does  not  take  into  account  the 
minor  tributaries  or  exbting  means  of  communication  with  their  termini  can 
be  considered  complete. 

1 7.  7^  Improvement  of  Native  Boats  prcposetL — The  entire  traffic  on  the 
upper  branches  and  minor  affluents  of  the  great  rivers  is  at  present  conducted 
by  means  of  native  boats  of  a  peculiar  description,  which  have  been  in  use 
from  the  earliest  periods ;  and  since  the  construction  of  roads  by  the  natives 
themselves  has  ever  been  most  unwillingly  undertakeo,  there  can  be  no  hope 
of  their  ever  improving  much  in  this  respect. 

18.  There  is  therefore  every  certainty  that  for  many  years  to  come  these 
native  boats  must  be  the  means  of  conveying  the  great  bulk  of  Indian  pro- 
duce either  to  the  termini  of  the  railways,  or  to  those  stations  on  the  main 
channeb  of  the  great  rivers  which  can  be  reached  by  the  large  steamers 
now  employed. 

19.  From  this  point  of  view,  then,  ft  will  be  seen,  that  on  the  improve- 
ment of  the  native  river  craft  depends  a  very  considerable  portion  of  what- 
ever success  may  attend  the  opening  up  of  the  country  by  trunk-lines,  either 
of  roads,  canals,  river  navigation,  or  railways. 

20.  Review  of  Native  Boate  and  record  of  the  earliest  Steamers  built  in 
BengaL-^Wxth.  the  view  of  calling  public  attention  to  the  important  functions 
fulfilled  by  these  boats,  I  have  prepared  the  accompanying  brief  description 
of  the  principal  types  of  vessels  now  in  use. 

21 .  Quoting  from  an  account  of  steam  navigation  in  British  India,  com- 
piled by  G.  A.  Prinsep,  Esq.,  and  published  by  the  Government  at  Calcutta 
in  1830,  Appendix,  A  4,  containing  etchings  illustrating  twenty-eight  different 
kinds  of  native  boats  used  on  the  Bengal  rivers,  from  the  ponderous  Budge* 
row  or  accommodation  boat  and  fast-pulling  Bluxuleah  used  by  the  English, 
to  the  burthensome  Patela  and  Chuprah  Ooiak  of  forty  tons, — also  to  the 
Pansuai  fast-pulling  fishing  dinghee  and  Mor  Punkhee  or  native  pleasure- 
boat,  all  being  of  the  Nautilus  type  of  form,  use  the  balanced  rudder,  steer- 
oar  or  skull  at  the  stern ;  the  latter  using  an  oar  as  a  bow-rudder. 

22.  The  notable  features  of  these  vesseb  are,  that  they  are  generally  built 
upon  rounded  lines,  the  bottom  resembling  the  immersed  portion  of  a  Nautilus 
shelL  This  general  contour,  together  with  the  absence  of  dead  wood  and 
gripe,  appear  to  be  dependent  upon  the  character  of  the  rudder  employed, 
which  is  generally  a  large  triangular  board,  with  a  post  attached  to  the  centre, 
so  that  the  fore-part  of  the  blade  falls  under  what  would  be  styled  the  dead 
wood  of  a  river  barge.  The  whole  arrangement  is  intended  to  give  the  boat 
great  facility  for  quick  tuniing,  to  avoid  sand-banks,  &c.  The  dimensions 
appear  to  be  from  20  to  80  feet  in  length,  and  from  7  to  26  feet  in  breadth, 
the  draft  of  water  varying  from  I  to  5  feet,  and  the  burden  from  4  to  40  tons. 
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23.  With  a  view  of  exhibiting  the  relative  forms  and  fittings  of  thp  boats 
used  by  the  natives  of  Bengal  under  different  local  conditions,  there  are  given 
three  engravings*,  representing — Figure  1st,  the  Ferruckabad  haioofu^  of 
600  maunds  bunlen,  or  17  tons,  used  in  the  upper  branches  of  the  Ganges. 
Figure  2nd,  the  Decca  Pulwar^  used  on  the  eastern  branches  and  upper 


*  BENGAL  RIVER  BOATS.    DIFFERENT  TYPES  USED  BY  THE  NATIVES. 

The  Kttoorm  Type  being  followed  in  building  the  '  Nags'  tow-boat,  1840.  The  type  of 
the  Duoea  and  Tomlook  boats  combined  in  the  model  of  the  *  Assam '  steam-tng,  built  in 
CaUmtta,  1841 ;  and  a  combination  of  all  thiee  with  some  points  of  the  Chinese  tea-boat, 
together  with  experience  since  derived,  forming  the  basis  of  the  model  and  fittings  of  pro- 
posed  nmUika  flotilla  for  general  purposes. 


KatooraTjpe. 


Fig  1.  is  the  '  Ferruckabad  Katoora/  of  800  maunds,  or  27  tons  burden,  as  used  on  the 
upper  branches  of  the  Ganges;  they  are  generally  tracked  up  the  stream.  It  will  be 
obsenred  that  there  is  a  sort  of  skeleton  guard-board  extending  from  the  gunwale :  on  this 
the  crew  step  when  propelling  the  boat  by  poles.  The  rodder  is  a  Urge  triangular  blade, 
with  a  centre  pole  ou  which  it  is  hung,  with  the  fore-part  under  the  stem,  in  place  of  the 
dead  wood. 


Fig.  2  is  the  « Dacca  Pulwar,*  of  .SOO  maunds,  or  1 7  tons  burden,  used  on  the  eastern 
branches  and  upper  channels  of  the  Deltas  of  the  Ganges  and  Burhampootra.  In  this  the 
'  Nautilus '  contour  of  the  bottom  is  well  exemplified.  The  rudder  in  this  case  is  suspended 
on  one  side  of  the  stem,  and  is  held  in  its  place  by  lashings  seen  in  the  figure.  These  are 
well-built  boats  of  hard  wood,  and  use  square  sails. 
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channels  of  the  Deltas  of  the  Ganges  and  Burhampootra.  Figure  Srd,  the 
Tumhok  or  SaU  boat,  of  800  maunds,  or  27  tons  burden,  plying  on  the 
Delta  of  the  Ganges  below  Calcutta. 

24.  The  publication  contains  104  pages,  in  six  chapters,  on  private  specu- 
lation, the  government  sea  and  river  steamers,  detailed  accounts  of  experi- 
ments and  opinions  of  the  late  General  W.  N.  Forbes  and  other  officers,  with 
plans  of  the  following  steamers : — 

25.  The  King  of  Oude's  steamer,  built  at  Lucknow,  the  engines  brought 
out  by  Mr.  Henry  Jessop,  in  1819.  The  <  Diana,'  built  at  Calcutta  in  1823, 
and  employed  in  the  Burmese  war  in  1824.  The  *  Enterprise,'  the  first  vessel 
that  steamed  out  to  India  in  1825.  The  *  Irrawaddy '  and  *  Ganges,'  govern- 
ment sea  steamers,  built  by  Mr.  Seppings,  at  Calcutta,  in  1827.  There  is  also 
a  plan  of  the  Forbes  steam-tug,  launched  in  January  1829,  at  Calcutta,  of  the 
construction  of  which  I  had  the  superintendence,  and  in  March  1830  con- 
ducted her  to  China,  towing  a  vessel  of  380  tons,  against  the  monsoon,  as 
stated  in  the  18th  page. 

26.  For  river  navigation  in  the  Assam  valley,  the  government  launched 
the  '  Burhampootra  *  and  <  Hooghly '  early  in  1827 ;  the  former  102  feet  long 
by  18  broad,  built  by  Mr.  Kyd,  with  the  round  bilge  design  by  Maudsley  and 
Co. ;  the '  Hooghly '  being  built  by  Mr.  I.  M.  Seppings,  with  flat  floor,  square 
bilge,  and  upright  sides.  The  third  and  fourth  chapters  give  details  of  various 
tri^s  of  these  two,  and  opinions  that  the  '  Hooghly  '  steered  so  badly,  that  the 
Marine  Board  considered  a  **  rudder  in  the  bow  seemed  the  best  remedy." 

27*  1  have  entered  into  thb  detail  as  the  papers  now  before  me  will  afford 
much  valuable  information  as  to  the  actual  performances  of  the  vessels  first 
established  by  government  on  the  Indian  rivers;  the  peculiar  character  of 
that  navigation  and  the  difficulties  to  be  contended  with  are  nowhere  to  be 
found  so  well  illustrated  as  in  this  record  of  practical  trials,  and  the  opinions 
of  various  sea  officers,  engineers,  professional  builders,  and  naval  architects. 

28.  The  fourth  chapter  contains  information  peculiarly  applicable  to  the 
present  pressing  demand  for  water  transport  by  the  Great  Trunk  Railways, 
now  in  course  of  construction  up  the  valleys  of  the  Ganges  and  Indus, 
by  the  East  Indian  and  Scinde  Railway  Companies.  The  recent  crisis  of  a 
mutinous  army  in  the  valley  of  the  Ganges  (now  happily  past),  has  left  the 


TumIoc)Ci  or  Flat  Type. 


Fig.  3  is  a  *  Tamlook/  or  <  Salt  Boat/  of  800  maunds,  or  27  tons  burden,  plying  on  the 
Delta  of  the  Ganges  below  Calcutta.  These  have  their  rudders  hung  through  a  receu  in  the 
stem,  and  may,  in  common  with  those  already  described,  be  tilted  up  out  of  the  water  by 
means  of  depressing  the  upper  end  of  the  pole  to  which  they  are  hung. 
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roads  80  unsafe  for  goods  as  to  force  the  usual  nattve  land  traffic  to  seek 
security  by  the  private  river  steamers ;  the  two  established  companies  reali- 
zing fabulous  freights  of  £20  to  £30  per  ton,  and  even  sea-tugs  towing  native 
boats  up  the  rivers.  The  exigencies  of  the  government  for  military  trans- 
port service,  have  necessitated  the  employing  of  most  of  the  private  steamer* 
in  conveying  troops  and  stores,  from  the  utter  inadequacy  of  the  few  govern- 
ment vessels  to  meet  one-third  the  requirements  of  the  public  service. 

29.  I  beg  to  submit  a  brief  historical  analysis  and  tabular  statement  of  the 
particulars  of  the  various  enterprises  by  which  the  steam  navigation  of  the 
Ganges  has  been  hitherto  attempted. 

30.  In  1834  the  Indian  government  established  the  first  system  of  steam- 
tug  and  tow-boats  on  the  Ganges.  Both  vessels  were  of  similar  form, 
dimensions,  and  tonnage — 120  feet  in  length  by  22  feet  in  breadth,  and 

275  tons. 

31.  The  mode  of  towing  may  be  understood  by  a  reference  to  the  sketch 
of  deck  plans  exhibited,  in  which  it  will  be  seen  that  the  two  vessels  were 
placed  some  distance  apart. 

32.  The  engines  were  from  50  to  90  horse-power,  and  the  speed  averaging 
from  6i  to  7|  miles  an  hour,  or  50  miles  a  day  on  the  upward  passage,  and 
80  miles  a  day  down  stream  in  the  dry  season.  During  the  rains,  the  rates 
were  40  miles  and  100  miles  up  and  down  the  stream  respectively.  Their 
draft  of  water  was  from  3  to  4  feet,  the  capability  for  dead  weight  cargo  60 
to  100  tons.  They  wero  very  flat^bottomed,  having  upright  stem-  and  stern- 
posts,  and  large  barge  rudders  often  injured  by  collision. 

33.  System  ijf  Tug-  and  Tow-  Boats  ettablisked  on  the  Burhampootray  by  tie 
Assam  Company. — In  1841  the  Assam  Company  established  on  the  Bur- 
hampootra  a  system  of  powerful  tug  steamers,  carrying  passengers  and  towing 
smaller  cargo-boats,  as  shown  in  the  second  line  of  plans  in  the  sketch,  and 
in  the  three  diagrams  of  midship  sections  on  the  right  of  the  centre,  consist- 
ing of  the  'Assam'  steamer,  140  feet  in  length  by  27  feet  in  breadth,  443 
tons,  builders'  measurement,  and  having  engines  of  100  horse-power — the 
*  Naga'  tow-boat  of  90  feet  in  length,  18  feet  in  breadth,  and  91  tons.  These 
I  designed  for  the  Assam  Company  as  adaptations  of  the  rounded  lines  and 
^  Nautilus"  form  of  the  best  river-boats  of  Bengal,  the  '  Katoora,'  *  Dacca 
Pulwar,'  and  '  Tumlook '  boat  shown  in  the  sketch. 

34.  The  form  and  mode  of  suspending  th^  rudder  were  also  derived  from 
the  same  sources.  Of  these  balanced  rudders,  two- thirds  of  the  blade  wero 
placed  abaft  the  spindles,  the  rudders  occupying  the  space  of  the  dead  wood, 
but  not  extending  beyond  the  stern.  A  small  rudder  forward  occupied  the 
same  position  in  the  bow.  By  this  arrangement,  as  the  vessels  bad  no  keel, 
the  two  rudders  fulfilled  the  functions  of  dead  wood  and  gripe  in  steady 
steering,  and  gave  the  power  of  turning  the  vessel  on  the  centre,  when  they 
wero  placed  in  opposite  directions. 

35.  The  peculiar  advantages  of  these  double  rudders,  in  steering  a  train  of 
tow-boats,  will  be  best  explained  bv  a  roference  to  shear  and  deck  plans  of 
the  bow  and  stern  of  two  vessels  of  the  '*  Nautilus"  type,  now  proposed  for 
military  transport  service,  100  feet  in  length,  15  feet  in  breadth,  and  109  tons, 
builders'  measuroment  The  diagram  of  midship  sections  and  height  of  deck 
will  be  seen  on  the  left  of  the  centro,  in  juxtaposition  with  the  sections  of 
the  'Assam'  steamer,  <  Naga'  tow-boat,  and  an  iron  tea- boat  now  navigating 
the  Burhampootra  with  a  native  crow ;  the  dimensions  aro,  75  feet  in  length, 
12  feet  in  breadth,  7  feet  deep,  and  52  tons,  builders*  measurement. 

36.  From  the  difficulty  experienced  by  the  Assam  Company  in  obtaining 
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labour  for  the  cultivation  of  tea,  the  crops  were  so  limited,  that,  in  the  ab- 
sence of  support  from  the  Bengal  government,  there  was  not  sufficient  traffic 
to  maintain  such  expensive  vessels  on  the  Burhanipootnu  The  'Assam'  and 
*  Naga'  were  consequently  employed  on  the  Ganges,  making  eleven  voyages 
to  Allahabad.  The  other  private  steamers  established  on  the  Ganges  were, 
in  1836,  the  Calcutta  Steam-Tug  Association,  and  from  184'S  to  1845,  the 
Ganges  Steam  Company  and  the  General  Inland  Steam  Navigation  Com- 
pany. The  latter  adopted  a  system  of  long  light-built  steamers,  carrying 
passengers  and  towing  two  small  cargo-boats  wiUi  dead  wood  and  gripe,  and 
provided  with  lai^e  barge  rudders,  like  the  government  vessels,  which 
resulted  in  the  loss  of  the  first  vessel,  the  '  Sir  Herbert  Maddock,'  in  the 
Hooghly.  The  shares  of  this  Company,  like  all  other  steam  enterprises 
in  India  unsupported  by  government,  have  fallen  to  one-fourth  their  cost, 
while  competing  for  freight  with  public  steamers.  The  dimensions,  tonnage, 
and  the  amount  of  engine  power  employed  in  these  vessels  are  here  presented 
in  a  tabular  form  for  comparison,  with  the  amount  of  capital  invested  dedu- 
cing from  the  displacement  and  weight  of  hull,  the  cost  per  ton  of  carrying 
capability  at  different  drafts  of  water. 

38.  Relative  Financial  Position^  dependent  on  the  capabiHlies/or  weight 
cargoy  with  Tabular  Comparison  of  Vessels. — This  Table  (p.  276,  §  37)  shows 
the  relative  financial  position  of  the  different  enterprises,  at  the  same  cost  price 
per  ton,  and  in  horse-power  or  capital  expended  in  obtaining  a  capability  for 
weight  (*.argo,  at  light  draf^  of  water  which  in  our  Indian  rivers  is  of  more  im- 
portance than  high  speed.  This  was  practically  proved  in  the  large  and  power* 
ful  *Mirzapore\and  <Ghazeepore,'  which  draw  too  much  water  to  be  profitably 
employed  during  the  dry  season,  to  obviate  which  they  built  large  light  tow- 
boats  ;  but  experience  has  recently  shown  this  was  getting  into  another  diffi* 
culty  of  serious  magnitude.  A  letter  from  Calcutta  by  last  mail,  states, — 
"  It  is  but  a  short  time  ago  the  Ganges  Company  lost  a  tow-boat  from  the 
same  cause,  being  an  iron  vessel,  very  light,  and  over  250  feet  in  length ;  in 
coming  up  the  river  through  the  Sunderbunds,  she  would  not  answer  her 
helm  in  coming  round  a  spit  of  sand,  and  in  consequence  came  foul  of  « 
steamer,  and,  in  fact,  cut  her  own  throat,  going  down  soon  after.** 

39.  It  will  be  seen  from  the  Table  that  these  are  the  longest  and  largest 
steamers  on  the  Ganges,  and  were  designed  on  the  American  system  of  large 
cargo  steamers  ;  also  that  none  of  the  present  steamers  on  the  Ganges  carry 
any  cargo  at  2  feet  draft  of  water.  A  reference  to  the  capital  columns  shows 
a  great  increase  of  cost  of  capability  as  the  draft  of  water  decreases,  the 
cost  varying  from  ^558  per  ton  at  3  feet ;  £SS  at  4  feet  in  the  steamers 
'Patna'  and  *  Benares ; '  while,  with  the  Nautilus  flotilla  of  one  tug  and  three 
tow-boats  I  have  proposed,  the  cost  of  capital  will  be  £75  per  ton  at  2  feet 
draft,  £31  per  ton  at  3  feet,  and  only  £19  per  ton  at  a  load  draft  of  4  feet, 
with  a  capability  of  360  tons  of  dead  weight  cargo  between  the  four  vessels. 

40.  The  relative  capability  for  weight  cargo  of  the  various  vessels  whiose 
mirticulars  are  given  and  shown  on  the  Plan,  will  be  best  seen  in  the  following 
Table  (p.  276,  §  41 ),  in  which  the  ratio  of  capabilitv  for  weight  cargo  to  the 
load  dbplacement  is  stated  for  each,  at  the  same  draft  of  water,  as  well  as 
their  relative  load  displacements  at  the  3  feet  load  water-line.  The  Table  also 
shows  the  draft  at  light  water-line,  with  the  displacement  due  to  the  weight  of 
the  several  vessels,  in  tons ;  and  also  the  ratio  which  this  weight  bears  to  the 
external  bulk  of  the  hull  in  cubic  feet,  as  affording  the  best  criterion  of  the 
weight  of  material  necessary  for  strength. 

42.  Conclusions  as  to  form,  construction^  and  ^fittings  (f  Nautilus  Tug  and 
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Tow-boats  from  100  io  QOO  feet  long^  in  Flotillas  of  four  vessels  of  small  class 
to  two  of  larpest,  io  meet  the  present  requirements  of  the  Bengal  Rivers, — 
Taking  all  the  data  given,  both  with  regard  to  what  is  required,  and  what 
has  been  done  in  meeting  theae  requirements,  I  have  arrived  at  the  following 
conclusive  opinions: — 

43.  Ist.  It  is  better  to  attempt  constructing  a  vessel  adapted  for  the  general 
purposes  of  inland  and  coast  navigation,  than  to  endeavour  to  supply  special 
local  requirements.  2nd.  That  for  the  present  exigencies  of  Government  and 
the  railway  companies,  together  with  the  aspect  of  the  country  in  the  proba* 
bilities  to  be  anticipated,  the  wants  of  all  will  be  most  cheaply,  speedily,  and 
effectively  supplied,  by  adopting  a  uniform  model,  and  system  of  fittings  and 
towing,  which,  with  slight  modifications  suggested  by  local  circumstances, 
may  be  readily  adapted  to  each  case ;  the  following  being  the  smallest  vessels 
to  which  steam  can  be  economically  applied,  and  the  largest  conveniently  navi« 
gated,  by  native  crews  without  steam. 

44.  Dimensions. — To  be  100  feet  in  length,  15  feet  in  breadth,  and  6  feet 
in  depth,  the  deck  extending  one-third  of  the  breadth  beyond  the  sides  to 
form  a  guard  board  ;  the  roof  of  the  deck-houses  to  rise  15  feet  above  the 
keel  for  half  the  breadth  and  length  of  the  vessel. 

Proportions, — To  range  from  eight  breadths  to  five,  as  circumstances  may 
require. 

Form, — Where  light  draft  i.s  essential,  the  main  breadth  to  extend  for 
about  three  breadths,  or  half  the  length  of  the  vessel,  the  middle  of  the  main 
breadth  or  dead  fiat  to  be  one-third  of  the  breadth  abaft  the  centre  of  the 
vessel's  length  ;  the  bottom  of  bow  and  stern  to  be  curved  up  from  the  dead 
fiat  to  the  extremities  of  bow  and  stem ;  the  angle  of  rbe  of  fioor  to  be  one 
degree,  and  the  bilge  to  be  turned  within  one  square  foot. 

is.  In  the  arrangement  proposed,  the  cargo,  boilers,  and  fuel  are  placed 
below,  while  the  engine  and  passengers  are  placed  above  the  deck.  The 
framing  of  the  deck-houses  is  made  subservient  to  the  strengthening  of  the 
vessel  longitudinally,  and  although  in  connexion  with  the  framing  of  the 
vessel,  it  is  distinct,  and  can  be  at  any  time  removed. 

46.  I  propose  that  the  shell  of  the  vessel  should  be  made  of  the  lightest 
material  consistent  with  strength  ;  the  hulls  to  be  built  in  three  distinct  com- 
partments, with  bow  and  stern  bulkheads  placed  one-third  of  the  breadth 
within  the  stem  and  stern  as  supports  for  the  necessary  attachments. 

The  central  compartment  to  be  two  breadths  within  the  inner  bulkheads, 
and  to  contain  the  whole  of  the  machinery  and  fuel.  When  it  is  required  to 
use  the  vessel  as  a  cargo-boat  this  machinery  to  be  removed. 

47.  Other  systems  of  Totoing  compared  with  the  Nautilus  Tug  and  Tow* 
boat. — With  regard  to  the  particular  mode  of  towing  vessels  and  the  kind  of 
connexion  which  experience  has  proved  to  be  convenient  and  safe,  I  consider 
that  it  is  not  expedient  to  articulate  together  the  vesseb  as  in  the  plan 
adopted  on  the  Indus  River  by  Mr.  Bourne,  for  the  following  reasons : — 

PirsL — The  only  power  of  steering  by  means  of  Kudders  must  be  on  the 
terminal  tmrge  of  the  train,  and  must  consequently  be  stow  and  inefficient  ia 
directing  the  movements  of  the  others. 

SecantL — The  preceding  vessel  in  an  articulation  not  only  tows  the  one 
which  comes  after  it,  but  also  steers  it,  by  the  position  which  it  assumes  with 
regard  to  it,  and  consequently  in  the  tortuous  channels  and  amid  the  cross 
currents  of  Uie  Ganges  and  Burhampootra,  there  would  be  no  power  of  inde- 
pendent action,  to  allow  each  vessel  to  take  care  of  itself* 

48.  In  the  system  of  towing  introduced  by  me  in  the  *  Assam'  steamer,  and 
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now  proposed  for  tho  Naatilus  flotilla,  the  tug  and  tow*boats  are  to  be  con- 
nected together  in  such  a  way  that  the  pivot  of  the  tugging  post  ia  plaeed  at 
least  half  the  breadth  before  the  stern  of  the  steamer,  while  the  tow-boat  had 
a  second  centre  of  motion,  connected  by  a  rigid  spar  with  the  pivot,  and 
situated  at  a  point  in  advance  of  the  cutwater.  The  tugging  post  or  pivot 
of  the  tow-boat  is  made  in  the  form  of  a  timber  knee,  placed  as  a  bowsprit, 
and  provided  with  two  rollers  for  supporting  the  connecting  hawsers. 

49.  There  is  bj  this  means  established  between  the  various  barges  of  a 
river  train,  the  only  kind  of  connexion  which  admits  of  sufficient  independent 
action  for  each  boat  to  guide  itself  in  an  emergency,  and  is  at  the  same  time 
strong  enough  to  withstand  the  strain  thrown  upon  them. 

The  steering  apparatus  is  alto  arranged  with  the  view  of  independent  action ; 
each  boat  is  to  be  provided  with  two  rudders,  one  occupying  the  position  of 
the  dead-wood  aft,  and  the  other  occupying  that  of  the  gripe,  forward ;  the 
joint  action  of  these  balanced  rudders  enabling  each  boat  to  turn  on  th« 
centre  of  her  length.  By  using  the  foremost  rudder  across  the  stem,  the  bow 
of  the  boat  can  be  made  to  follow  the  stern  of  the  steamer  without  impeding 
the  movements  of  the  latter  to  port  or  starboard,  when  turning  herself. 

50.  The  rapidity  with  which  a  boat  of  this  description  can  be  manosavred 
by  means  of  fore-aivl*afl  rudders  is  easily  explained.  When  the  stem  rudder 
only  is  used,  the  vessel  turns  upon  a  pivot  situated  a  short  distance  forward 
of  the  stem  post ;  while,  if  the  bow  mdder  only  is  used,  the  boat  tends  to 
tum  on  a  pivot  considerably  abaft  of  the  bow.  Consequently  when  both 
mdders  are  used  simultaneously,  the  common  centre  of  motion  will  be  near 
the  middle  of  the  length  of  the  vessel ;  on  trial,  the  ^Assam '  steamer  turning 
short  round  in  15  seconds. 

51.  By  turning  on  this  centre  it  is  evident  that  neither  bow  nor  stem  will 
have  as  far  to  move  in  tuming  round  as  if  the  pivot  were  situated  near  either 
of  the  extremities,  as  happens  when  only  one  rudder  is  used.  The  peculiari^ 
of  the  mode  of  connexion  is,  that  while  the  radial  spar,  forked  at  one  end. 
prevents  ooUision  between  the  bow  of  the  tow  and  the  stem  of  the  tug :  the 
dbtance  between  them  can  be  at  any  time  increased  by  means  of  the  hawsers^ 
one  of  which  belongs  to  each  vessel,  and  by  hauling  up  which  the  crews  of 
either  boat  can  slack  out  or  take  in,  as  the  occasion  may  require. 

52.  Neeeisityfor  greater  care  aa  to  ditf^acemeniy  weight  €fkuUy  emd  capoi- 
hiUtyfor  cargo  at  Ught  draft  of  water.  To  be  secured  by  a  more  correct  ami 
defintte  sgstem  cf  contracting  for  steamer e^  with  specific  calctUaied  quantity^ 
hjf  a  tabuiarform  of  tender, — From  inattention  to  the  necessity  of  obtaining 
correct  estimates  as  to  the  weight  of  the  vessel  and  calculations  of  displace- 
ment, the  majority  of  the  steamers  sent  from  this  country  under  terms  of 
general  capability  for  the  navigation  of  the  Indian  rivers,  have  been  found 
to  draw  a  great  deal  more  water  than  was  either  specified  or  contracted  for. 

6S,  With  the  view  of  ensuring  accuracy  in  this  respect,  I  have  used  a  form 
of  tender  for  quantities,  that  was  submitted,  for  the  consideration  of  the 
contractors  and  shipbuilders  with  the  view  of  facilitating  the  calculations  of 
the  quantities  to  be  inserted  in  the  blank  tabular  form  of  tender. 

The  quantities  given  were  not  intended  to  be  taken  as  absolutely  correct, 
but  only  as  approximations  to  be  verified  by  the  contractors  themselves,  who 
were  requested  to  state  their  own  quantities  with  the  same  form  and  specific 
detaa. 

The  calculation  of  the  displacement,  however  aecurate  it  may  be,  only 
gives  one  of  the  elements  for  determining  the  draft  and  capability  for  dead- 
weight cargo ;  to  arrive  at  anything  like  certainty  with  regard  to  these  two 
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eidentials  of  river  navigation,  the  weight  qfihe  vesiel  must  be  calculated  with 
the  greatest  oare  and  minuteness. 

5^*  In  the  estimates  received  by  the  Assam  Company  for  an  iron  tea-boat 
of  75  feet  in  length  and  12  feet  in  breadth,  the  weight  of  the  hull  appeared 
to  vary  from  17  tons  to  10  tons.  Much  of  this  was,  no  doubt,  attributable 
to  variations  in  the  thickness  of  the  metal  plates,  prepared  by  different  me* 
thods  of  construction. 

55.  Tenders  were  sent  to  the  office  in  the  usual  routine,  and  others  were 
requested  by  the  Directors  from  experienced  shipbuilders  submitting  a  spe* 
eification,  and  to  some  a  tracing  of  the  best  boat  employed  by  the  Company, 
with  suggestions  for  increasing  the  length  from  68  to  75  feet,  with  fittings 
adapted  to  navigation  by  native  crews.  The  five  tenders  received  for  the 
iron  hull  packed  for  shipment  varied  from  £300  to  72  per  cent,  increase  of 
cost,  the  former  being  the  net  price  contracted  for,  the  latter  a  price  per 
ton,  builders'  measurement,  and  not  including  pumps  and  capstan,  these 
admitting  of  an  indefinite  extra  charge.  The  cost  of  the  same  vessel  by  the 
two  contractors  would  differ  100  per  cent 

Having  issued  the  construction  form  of  tender,  with  specification,  and 
calculated  quantities  of  displacement,  weights,  and  capabilities  for  cargo^ 
they  were  verified  and  reconsidered,  afler  consultation,  by  several  experienced 
shipbuilders,  so  as  to  secure  a  very  great  reduction  in  the  weight  of  the  hull* 
and  consequent  increase  of  cargo  at  light  draft:  the  contract  price  of  different 
builders  only  varied  4  per  cent  The  amended  specifications  also  reduced 
the  weight  of  hull  25  per  cent,  increasing  the  capability  for  cargo  at  2  feet 
draft  50  per  cent. 

57*  From  careful  observation,  there  are  many  experienced  shipbuilders 
and  naval  architects  who  are  now  competent  to  undertake  contracts,  not  ae 
formerly,  by  register  tonnase  and  nominal  horse-power  at  so  muoh  per  ton 
of  register,  but  in  terms  of  capability  and  speed.  Such  we  know  to  be  the 
case,  and  with  ^mirable  results,  in  Liverpool,  London,  the  Clyde,  and 
other  ports. 

58.  The  exceeding  diversity  of  opinion,  and  the  anomalies  of  practice, 
with  regard  to  the  requirements  of  steam-ships  and  mode  of  contracting  for 
them,  may  be  accounted  for  by  the  fact,  that  the  sudden  demand  for  iron 
steam-vessels  called  into  existence  a  numerous  body  of  what  may  be  termed 
Mushroom  Marine  EngineerSy  who  had  previously  been  employed  as  assistants 
to  engineers,  boiler-makers,  or  contractors.  It  is  to  such  men  that  we  are 
indebted  for  the  luminous  discussions  on  the  '*  Formula  "  of  resistanc,  power, 
and  speed  of  steamers,  one  of  whom  propounded  as  a  fixed  prinople,  thai 
naval  architects  had  nothing  to  do  but  provide  displacement  at  a  given  area 
of  section,  and  that  the  speed  did  not  depend  on  the  form  or  lines  of  th< 
vessel ;  also  that  displacement  or  friction  of  bottom  very  little  affected  the 
resistance. 

59.  To  such  extent  has  this  vague  and  indefinite  style  of  reckoning  pro- 
ceeded, that  there  seems  to  be  almost  double  entendre  in  everything  con« 
nected  with  the  specification  and  contracting  for  steam-vessels.  In  the  first 
place,  there  are  two  meanings  attached  to  Uie  term  "  tonnage,"  the  old  and 
the  new ;  then  the  engine-power  is  reckoned  in  nominal  and  effective  horso: 
power ;  and  the  discrepancy  which  exists  between  these  last-named  quan- 
tities \a  scarcely  greater  than  what  is  found  between  the  net  contract  price^ 
and  that  which,  under  accumulated  impositions,  might  come  under  the  name 
of  the  commission  price. 

Steam  Navigation  in  England. — The  tabular  system  adopted  of  estimating 
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the  cost  of  steam  transit  by  the  capital  required  to  obtain  a  ton  of  capability 
for  cargo,  is  necessarily  different  from  that  in  use,  as  with  railway  or  canal 
traffic  in  tbb  country,  viz.  the  cost  of  a  ton  per  mile,  from  the  absence  of  all 
detail  of  the  working  expenses^  and  the  conditions  of  Indian  river  naviga- 
tion being  so  various  and  totally  different  from  canal  or  even  European  river 
navigation. 

The  valuable  paper  read  before  this  Section  by  Mr.  W.  H.  Bartholomew, 
the  engineer  of  the  Aire  and  Calder  navigation,  lucidly  illustrated  what 
economic  results  had  been  obtained  by  the  system  of  tug-  and  tow-boats. 

The  extraordinary  practical  results  shown  by  Mr.  Bartholomew,  are  not 
only  honourable  to  those  who,  by  the  combination  of  practical  experience 
and  scientific  investigation,  have  conduced  to  such  important  iniprovements 
in  engines  and  mode  of  tugging,  but  afford  the  best  encouragement  to 
others  to  persevering  inquiry,  with  the  hope  of  introducing  these  improve- 
ments on  the  Indian  rivers. 

The  following  is  a  summary  of  the  practical  results : — 

*'  A  screw  steam-tug  64  feet  by  11  feet,  fitted  with  its  screw  and  engines, 
draws  8  or  12  tow-boats  of  a  gross  tonnage  of  1240  tons,  carrying  820  tons 
of  cargo  2|  miles  an  hour.  Pressure  of  steam  200  lbs.  on  the  square  inch. 
Two  screws  on  the  same  shaft,  but  working  in  a  different  plane  of  rotation, 
making  180  revolutions  per  minute.  Dynamical  effect  on  tow-rope,  82  cwt ; 
consumption  of  coal  2  tons  per  day,  of  10  working  hours ;  draft  of  water, 
6  to  7  feet" 

Towing  cargo  on  the  H  umber,  these  screw  tug- boats  can  tow  and  turn 
eight  to  twelve  barges ;  experience  showing  that  the  addition  of  two  or  four 
vessels  reduced  the  speed  very  little  in  proportion  to  the  increase  of  load,  but 
much  depended  on  steady  steering.  While  on  the  Bengal  rivers,  when  towing 
one  very  long  vessel  through  the  tortuous  channels,  it  was  found  expedient 
to  lash  her  alongside,  keeping  their  two  rudders  working  together,  whenever 
the  length  exceeded  180  feet. 

ConchLsion. — Having  had,  as  commander,  builder,  and  owner  of  steamers, 
thirty  years'  practical  experience  in  the  establishing  and  working  the  earliest 
systems  of  river  and  ocean  steamers  in  Bengal  and  the  eastern  coast  of  India ; 
and  retaining  up  to  the  present  time  a  deep  personal  and  pecuniary  interest 
in  several  local  enterprises  depending  on  the  development  of  river  steam 
navigation  and  maritime  trade  in  Bengal ;  having  also  had  much  experience 
as  Director  of  companies  in  this  country  in  contracting  for  engines  and 
steamers  to  meet  the  requirements  of  the  Indian  ports, — I  believe  that  the 
present  great  difficulty  of  want  of  means  of  transit  in  India  can  only  be  over- 
come by  the  immediate  construction  of  steam-tugs  and  tow-boats  for  railway, 
but  separately  for  military  and  mercantile  purposes. 

WiUi  a  view  to  effective  comparison  of  the  money  value  of  tenders  and 
specifications  for  river  steamers  from  different  builders  and  contractors,  I 
have  used  the  following  Table,  by  which  the  capital  or  cost  per  ton  of  capa- 
bility for  weight-cargo  can  be  ascertained  at  three  drafts,  as  well  as  the 
three  elements  of  resistance ;  from  these  a  scale  or  curve  of  displacement  and 
areas  can  be  formed,  which  with  the  indicated  H.  P.  will  afford  the  means  of 
ascertaining  the  coefficient  or  index  number  of  the  vessel  daily. 
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OF  STEAMERS,  Tl 

ESTABLISHEJ 

ON  THE  be: 

Comprising  shear  and  deck  plans  on  as 
of  their  midship  sections  on  a  scale 
shear  and  deck  plan  of  the  bow  and 
and  Tow  Boats^  with  their  special  j 
with  bow  and  stern  rudders  acting  si 

ScALB  OF  Ton: 

On  the  lefb  hand  comer  of  the  drawing  there  are 
in  the  drawings.    The  perpendionlar  scale  is  one  of  dra 

PI8PLACBMBNT. 

The  oufiVE  OF  DISPLACEMENT  18  formed  hy  setting 
water  in  feet,  and  the  calculated  displacement  in  tons  at 
from  those  points,  perpendkmlar  to  their  respective  scalt 
until  the  horizontal  water  line  crosses  the  perpendicala 
points  of  intersection  will  enahle  the  displacement  due  1 
■aid  of  calculation. 

The  name  of  the  vessel  to  which  it  helongs  is  wri 
scale  where  the  light  draft  of  each  vessel  is  indicated  wj 
xontal  or  tonnage  scale  the  name  of  the  vessel  is  writtei 
•of  displacements  at  the  3  feet  load  line.    The  tonnage  d 

The  CAPABILITY  FOR  DEAD  WEIGHT  OABGO,  marked 
ment  at  die  light  draft  water  line  in  tons  from  that  indi 

On  the  DLA.0RAiff  of  midship  sections  the  displat 
lines  of  each  vessel  whose  light  draft  is  less  than  2  feet, 
is  marked  in  dotted  lines  and  the  weight  of  the  hull  belc 

On  the  DECK  plans  are  recorded  the  Medium  He! 
Sztemal  Bulk,  and  the  Ratio  between  them,  or  the  nun 
There  is  also  given  Uie  capability  for  dead  weight  cargc 
vessel,  recorded  below  the  dotted  line  (on  the  midship  s< 
3rd  feet  draft  water  lines.  Finance  (on  the  deck  plan)- 
ton  of  capabilitj  for  weight  cargo,  shewing  how  the  cosi 

Assam  Tug  and  Tow  Boat,  capital  expended 
Loaded  to  4  ft.  0.  W.  C,  231  tons,  capital    ... 
„  3  ft.        „        100  tons,  capital    ... 

Gkmges  Steam  Oompanj,  5  large  st 

Patna  and  rC.W.O.     140  tons,  cost    £81  per  too 

Benares  (       „  23  tons,  cost  £568  capabi 

Nautilus  Flotilla  of  Steam  Tug  and  Thri 
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Report  of  the  Belfast  Dredging  Committee.    By  Gborge  C.  Hyndman. 

For  the  purpose  of  carrying  out  the  investigation  of  the  Marine  Zoology  of 
the  coasts  of  Antrim  and  Down,  the  Committee  named  at  the  meeting  of  the 
British  Association  held  in  Dublin  last  year  proceeded  to  make  arrange- 
ments early  in  the  present  summer.  Dr.  Dickie  and  Edward  Waller»  Esq^ 
repaired  to  Larne,  county  Antrim,  where  they  remained  for  a  fortnight 
during  the  month  of  June,  accompanied  by  the  writer  for  the  greater  portion 
of  the  time.  Some  difficulty  was  experienced  from  the  want  of  boats  and 
boatmen.  EventusJly  a  yawl,  with  a  crew  of  five  men,  was  ordered  from 
Groomsport^  county  Down,  and  on  the  2Srd  of  June  a  steamer  was  hired 
and  brought  from  Belfast  by  Mr.  Patterson. 

With  these  means  for  work,  the  following  portions  of  the  coast  were 
explored : — 

Ist.  llie  shallow  water  lying  between  the  small  islands  called  ^<  The 
Maidehs"  and  the  shore  as  far  north  as  Ballygalley  Head. 

2nd.  The  northern  shore  of  Island  Magee,  including  Browd  s  Bay  and 
*'  The  Cod-bank,"  lying  north  of  the  Isle  of  Muck. 

Srd.  Lame  Lough. 

4th.  The  deep  water  outside  the  Maidetis'  Li^hthoused, 

5th.  The  Turbot-bank  and  the  deep  water  adjacent 

A  small  basketful  of  the  sand  procured  from  the  Turbot^bank  was  for- 
warded to  J.  Gwyn  JeffVeys,  Esa.,  and  a  list  of  its  contents  made  out  by 
him,  amounting  to  127  species  of  Testacea  in  that  small  quantity  of  sand. 
Among  these  are  several  very  rafe  shells^^-^  few  of  them  new  to  the  British 
list,  and  several  to  the  Irish. 

The  weather  was  in  general  unfavourable,  and  interfered  very  much  with 
the  operations.  Among  the  submarine  rocks  off  the  Lighthouses,  where  the 
depth  Wfts  fVom  80  to  100  fathoms^  the  current  ran  with  such  strength  tod 
rapiditv  thdt  the  dredges  got  foul  several  times»  and  were  recovered  with 
great  difficulty  and  loss  of  time.  For  further  exploration  in  that  Quarter 
some  better  mode  of  procedure  would  require  to  be  adopted. 
.  Dh  Dickie  having  now  been  obliged  to  leave  us  for  Aberdeeil>  Mr.  Waller 
took  lodgings  at  Groomsport  in  order  the  better  to  continue  the  investiga- 
tion, and,  along  with  the  writer,  made  a  number  of  excursions  in  different 
directions. 

1st.  Across  Belfast  Bay,  between  the  Copeland  Islands  on  the  south  and 
Black  Head  on  the  berth. 

2t)dv  Outside  the  entrance  of  Belfast  Bay,  eastward,  into  60  fathoms  depth, 
and  across  to  the  Copelands. 

3rd.  Off  Black  Head  and  along  the  Gobbifts  as  far  as  the  Isle  of  Muck, 
including  the  Turbot  Bank. 

4th.  The  shores  of  the  Copeland  Islands  and  Groomsport,  with  the  Sound 
between  the  Islands  and  the  coast  of  Down. 

5th.  A  submarine  bank,  composed  of  coarse  stones,  broken  shells,  and 
mud,  with  a  number  of  living  Mollusca,  lying  south  of  the  Copeland  Islands, 
a  mile  south  of  Donaghadee,  and  about  a  mile  from  shore,  in  20  fathoms 
water,  and  called  **  The  Riggs  *'  by  the  fishermen,  who  are  in  the  habit  of 
setting  their  long  lines  there. 

From  the  extent  of  the  area  indicated  by  the  boundaries  above  mentioned, 
it  must  be  evident  that  the  portion  passed  over  by  our  dredges  must  be 
comparatively  very  small,  and  that  the  lists  of  species  enumerated  can  only 
be  taken  as  an  approximation  to  the  whole  number  in  the  region.    The 

Digitized  by  ^OOQlC 


THE  BELFAST  DRSB6INA  COMMITTEE.  983 

^ead  sheik  far  exceed  the  living  in  number,  the  latter  being  for  the  most 
part  sparingly  scattered,  except  in  the  case  of  a  few  gregarious  species. 

Lists  are  appended  of  the  species  obtained  from  the  different  dredgings, 
from  which  it  will  be  seen  that  since  last  year  the  following  have  been 
added  s-^ 

A.  Arctic*      N.  Northern.      S.  Southern. 

8.  Pholadidea  papyracea.  Discovered  in  the  dredging!  of  1857,  imbedded  In  rolled  lumps 
of  hard  clay,  and  again  in  the  deep  water  this  season.  ReoHrded  by  the  late  W. 
Thompson  as  ibond  at  Portmsh  by  the  Ordnance  Survey  Collectors. 

S.  Lepton  nitidoai.    Tntbot-bank  sand,  Mr.  Waller ;  naw  to  the  Irish  list. 

S.  Montacnta  ferruginosa.  Turbot-bank  sand,  Mr.  Waller.  Recorded  by  tl^e  late  W.Thomp- 
son, Dublin  coast  and  south  of  Ireland. 

S.  Nncola  tennis.  Living  in  deep  water,  Maidens,  Mr.  Hyndman.  Recorded  by  the  late 
W.  Thompson ;  Mr.  Warren,  Portmamock. 

S.  Argiope  dstellnla?,  living.  This  interesting  addition  to  the  Irish  fsuna  was  first  dis- 
covered by  Mr.  Hyndman  in  the  dredging^  of  1 85  7,  and  again  taken  bv  the  party  in 
1858.  It  seems  to  be  abundant  on  deM  bivalves  incrusted  with  Serpmse. 
Terebratula  capsula,  living.  This  new  species,  taken  with  the  foregoing,  proves  to  be 
the  same  as  the  shell  found  by  Mr.  Norman  at  Plymouth,  and  named  by  Mr.  JtArtys 
in  the « Annals  of  Nat.  Hist.'  for  January  1859. 

N.  Margarita  undulata  (Sowerby).    Turbot-bank  sand,  Mr.  Jeffreys ;  new  to  the  Irish  list. 

N. putOla  (  ).    Turbot-bank  sand,  Mr.  JeAreys  { new  to  the  Irish  list. 

N.  — — ^  <teerea  (Couthouy).    Turbot-bank  sand,  Mr.  JeflOreys ;  new  to  the  Irish  list. 
Rissoa  soluta.    Turbot-bank  sand,  Mr.  Jeffireys. 
Skenea  divisa.    Turbot-bank  sand,  Mr.  JefRreys. 

Cerithium  niveum  (Lov^),  dead.  This  interesting  addition  to  the  British  Hat  was  de- 
termined by  Mr.  Jeffineys  from  the  Turbot-bank  sand. 
ScalarU  Esehrichti  (Holbdll),  dead.  In  Turbot-bank  sand,  Mr. WaUer,  1857.  Deaeribed 
by  him  in  the  '  Transactions  of  the  Royal  Dublin  Society,'  and  named  piovisioBatty 
TViyrtteAi  Hlben^ca,  but  now  ascertamed  by  Mr.  Jeffireys  to  be  the  iSmIm^  mea- 
tioned.  Reeently  discovered  by  Mr.  Jeffreys  "  ia  the  collection  of  Mr.  MaoeuUoiigh  of 
Guernsey,  pidcad  up  on  the  beach  at  Herm  together  with  other  undoubtedly  British 
shells." 

N.  Eulimella  SdlUe,  dead.    Turbot-bank  sand,  Mr.  Waller  and  Mr.  Hyndman. 

—  acicula,  dead.    Turbot-bank  sand,  Mr.  Waller  and  Mr.  Jeffreys. 
Chemnitzia  mfis,  dead.    Turbot-bank  sand,  Mr.  Jeffireys. 

— -—  scalaris,  dead.    Turfoot-banh  sand,  Mr.  Jeffreys. 

interstineta,  dead.    Turboi-btnk  sand,  Mr.  Jefteys. 

Odostomia  dubia,  dead.    Turbot-bank  sand,  Mr.  Jeffireys. 

—  nitida,  dead.    Tuibot-bank  sand,  Mr.  Jeffireys. 

—  rissoides,  dead.    Turbot-bank  sand,  Mr.  Jeflfreys. 
cyHndrica,  dead.    Turbot-ba^  sand,  Mr.  Jeffreys. 

—  insculpta,  dead.    Turbot-bank  sand,  Mr.  Jeffireys. 

—  decussate,  dead.    Turbot-bank  sand,  Mr.  Jeffi^ys. 

truneatula,  dead.    Tmbot-bank  sand,  Mr.  Jeffireys.    Plymouth  Sound  is  tiM  only 

other  known  locality  of  this  shell 
A.  Natica  clause,  dead.    Turbot-bank  sand,  Mr.  Jeffireys. 
A.  Trophon  scalariformis,  dead.    Turbot-bank  sand,  Mr.  Jeffireys ;  new  to  the  British  list. 

Misigdia  T^wveOiana,  dead.    Turbot-bank  sand,  Mr.  Jeffreys. 

—  Leufroyi,  dead,  but  very  fresh.    Turbot-bank  sand,  Mr.  Hyndman  and  Mr.  Waller. 
scabra,  dead.    Turbot-bank  sand,  Mr.  Jeffi^vs. 

.    Buccinum  cyaneum.    A  fragment  only,  considered  by  Mr.  Jeffireys  to  be  this  species,  in 
Tarbot-bank  sand,  Mr.  Waller. 
Cylichna  naasi^latm,  d»d.    Turbet-bank  sand,  Mr.  Waller. 
— ^  ambOicsita,  dead.    Tuibot-bank  sand,  Mr.  WaUer. 

The  interesting  question,  however,  still  remains  undetermined,  as  t^ 
whether  the#e  Northern  speeies  may  be  considered  as  still  living  in  this 
r^ion,  or  as  having  been  washed  out  of  some  subroei^ed  pleistocene  bed. 
Upon  this  point  I  feel  myself  incompetent  to  oflPer  a  decided  opinion  without 
further  investigation,  but  would  refer  to  the  observations  on  the  subject 
pnUiehed  by  Mr.  Jeffreys  in  the  '  Annals  of  Natural  History '  for  August 
1858,  and  by  Mtv  WaUer  in  the  •  TVansactions  of  the  Royal  I>«Win  Society* 

u  2 
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for  March  1858.  I  may  also  quote  an  extract  from  a  note  of  Mr.  JefTreys 
of  the  13th  September,  showing  his  latest  views:—"  I  found,  in  the  dredged 
sand  from  the  Turbot-bank,  two  or  three  shells  or  fragments  which  appear 
to  belong  to  Cerithium  retictdcUum ;  but  they  are  evidently  fossil^  and  as 
completely  mineralized  as  a  Euomphalus  from  the  mountain-limestone. 
This  fact  is  interesting,  and  may  be,  I  think,  considered  fair  ground  for  an 
inference  that  the  other  shells  found  with  theie  fossils  (being  in  a  totally 
different  condition)  are  recent." 

Dr.  Kinahan,  of  Dublin,  having  lately  visited  Belfast,  took  the  oppor- 
tunity of  inspecting  the  late  William  Thompson's  collection  of  Crustacea^ 
and  some  private  collections.  He  has  kindly  furnished  a  list  of  the  species 
he  observed,  and  corrected  some  mistakes  in  the  names,  and  has  also  added 
to  our  list  a  new  Crangon,  which  he  has  named  PattersoniL 

North  of  Larne  Lough,  two  miles  from  land,  one  mile  south  of  Bally- 
galley  Head.    Depth  15  to  25  fathoms: — 

Pecten  tigrinus,  dead,  severaL 


Clavellina  lepadiformis,  living. 

Saxicava  rugosa,  living,  several. 

Corbula  nucleus,  living,  few. 

Solen  pellucidut,  living,  one. 

Psammobia  tellinella,  dead,  few ;  living,  very 

few. 
Tellina  crassa,  dead,  one. 
Syndosmya  intermedia,  dead;  severaL 
Mactra  elliptica,  living,  one. 
Tapes  vir^ea,  living,  many. 
Venus  stnatula,  living,  one. 

—  ovata,  dead,  many. 

—  fMciata,  dead,  several. 

—  oasina,  dead,  several  (Messrs.  Kane  and 
Smith). 

Circe  minima,  dead,  one. 
Astarte  sulcata,  living,  severaL 

—  triangularis,  deaid,  several. 
Cardium  echinatum,  dead,  one. 
-— —  fasdatum,  dead,  several. 

pygmaeum, dead,  several;  living,  one. 

Lndna  borealis,  dead,  one. 

Crenella  marmorata,  dead,  one. 

decussata,  living,  many. 

Nucula  nucleus,  living,  several. 

Pectnnculus  glycimeris,dead,  but  valves  united 
and  quite  fresh ;  very  abundant,  in  10  to  1 2 
fathoms,  at  Ballygalley ;  their  death  pro- 
bably owing  to  deposits  from  peat-bogs 
carried  down  by  rivulets  (Dr.  Dickie). 


Pecten  opercularis,  living,  several. 

Ostrea  <^dulis,  living,  one :  very  old,  with  a 

Terebratula  upon  it. 
Anomia  ephippium,  living,  many. 
Terebratula  caput-serpentis,  living,  two. 
Chiton  ruber,  living,  severaL 
-^—  asellus,  living,  several. 
Acmaea  virginea,  living,  severaL 
Emarginula  reticulata,  living,  severaL 
Turritella   communis,  dead,  one   (Messrs. 

Kane  and  Smith). 
Trochus  zizyphinus,  living,  many. 
^— -  miUegranus,  dead,  several. 
MonUigui,  Uving,  one. 

—  tumidus,  living,  many. 
dneraiius,  living,  many. 

—  magus,  dead,  one. 
Littorina  littorea,  dead,  one. 
Lacuna  puteolus,  dead,  one. 
Rissoa  parva,  dead,  many. 

—  costata,  dead,  a  few. 

striata,  dead,  many. 

Natica  nitida,  living,  several. 
Lamellaria  perspicua,  dead,  one. 
Buccinum  undatum,  living,  severaL 
Mangelia  turricnla,  dead,  one. 

Cyprsa  Buropsea,  dead,  several;  living, one. 
Cylichna  cylindracea,  dead,  one. 
obtusa,  dead,  severaL 


Cod  Bank,  three  miles  north  from  Isle  of  Muck,  and  two  from  entrance  of 
Lame  Lough.  Depth,  20  fathoms  or  more.  Bottom :  gravel,  stones,  and 
broken  shells : — 


Aplidium  €&llax,  living,  few. 

Clavellina  lepadiformis,  living,  very  few. 

Saxicava  rugosa,  living,  many. 

arctica,  living,  few. 

My  a  arenaria,  dead,  few. 

'—^  truncata,  dead,  few. 

Corbula  nucleus,  dead,  many ;  liviqg,  severaL 

Thracia  villosiuscula,  dead,  few. 

Cochlodesma^  pnetcnue,  dead,  one ;  single 

valve. 
Solen  ensis,  dead,  very  few. 
—  siliqua,  dead,  veiy  few. 


Solen  pellucidtts,  living,  very  few. 
Psammobia  Ferroensis,  dead,  one. 

tellinella,  dead,  many;  living,  few. 

Tellina  crassa,  living,  one. 

donacina,  living,  one. 

Syndosmya  prismatica,  dead,  very  few. 
Mactra  eUiptica,  living,  few. 
Tapes  virginea,  dead,  many ;  living,  many. 
Venus  casina,  dead,  many;  living, few. 

fasciata,  dead, many;  living,  many. 

ovata,  dead,  common ;  living,  oommoa. 

Artemis  Uocta,  living,  very  few. 
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Artemis  exdleta,  dead,  one. 
Cyprina  Islandica,  dead,  one ;  living,  one. 
Circe  minima,  dead,  few ;  living,  very  few, 
Astarte  triangularis,  dead,  very  few. 

sulcata,  living,  many. 

Cardium  fasciatum,  living,  several. 

—  pygmsum,  dead,  very  few, 

Norvegicum,  dead,  several. 

Ludna  borealis,  dead,  several. 

Modiola  modiolus,  living,  many. 

Crenella  marmorata,  dead,  one. 

-^-«  decusMta,  dead,  few. 

Nacula  radiata,  dead,  one ;  living,  one. 

-^—  nucleus,  living,  many. 

Leda  caudata,  dead,  several ;  living,  one. 

Pectunculus  glydmeris,  dead,  many ;  living, 

few. 
Lima  Loscombii,  dead,  several.  * 
Pecten  pusio,  dead,  one. 

—  tigrinus,  dead,  many ;  living,  several. 
— ^maximus,  dead,   many;   living,  very 

few, 
— — —  opercularis,  living,  many. 
Ostrea  eduUs,  dead,  many. 
Anomia  ephippium,  living,  many. 
^—  striata,  living,  very  few. 

—  patelliformis,  dead,  one. 
Chiton  ruber,  living,  very  few. 

—  asellus,  living,  many. 

Larne  Lough,  1  to  2^  miles  from  the  entrance.    Depth,  4  to  5  fathoms. 
Bottom  chiefly  nuUipore,  with  occasioDally  mud,  sand,  and  broken  shelb : — 


Acmaea  virginea,  living,  many. 
Dentalium  entalis,  dead,  very  few. 
Fissurdia  reticulata,  living,  one. 
Emarginula  reticulata,  dead,  many ;  living, 

many. 
Trocbus  zizyphinus,  living,  many. 

—  var.  Lyonsii,  living,  one. 

millegranus,  dead,  many ;  living,  few. 

—  tumidus,  living,  very  few, 

Montagui,  dead,  very  few. 

cinerarius,  living,  few. 

Phasianella  puUus,  living,  few. 
Lacuna  vincta,  dead,  very  few. 

crassior,  dead,  few, 

Rissoa  striata,  dead,  many. 

Kissoa  (other  species,  not  determined). 

Turritella  communis,  dead,  few. 

Aporrhais  pes-pelecani,  dead,  few;  living, 

few. 
Natica  nitida,  dead,  several;   living,  very 

few. 

Montagui,  living,  two. 

Nassa  incrassata,  living,  very  few. 
Buccinum  undaturo,  dead,  several. 
Fusus  Islandicus,  dead,  one. 
Trophon  clathratus,  living,  two. 
muricatus,  living,  one. 

—  Barvicensis,  living,  two. 


Mya  arenaria,  dead,  several. 

Corbula  nndeus,  dead,  many ;  living,  few. 

Solen  siliqua,  dead,  few, 

—  peUuddus,  living,  very  few. 
Psammobia  Ferroensis,  dead,  few. 

—  tellinella,  dead,  few. 

Syndoamya  intermedia,  dead,  very  few ;  liv- 
ing, very  few. 
Tapes  virgmea,  dead,  many ;  living,  few, 

—  pullastra,  dead,  few. 
Venus  striatula,  dead,  few. 

fasdata,  dead,  few ;  valves  double. 

-*—  ovata,  dead,  many ;  living,  very  few. 
C/prijiaIftlandica,dead,  very  few;  fragments. 


Cardium  ecbinatum,  dead,  very  few ;  living, 
one. 

pygmsBum,  living,  very  few, 

Snecicum,  dead,  very  few. 

Ludna  borealis,  dead,  few. 
Crenella  decussata,  living,  one. 
Nucula  nudens,  dead,  many. 
Pectunculus  glydmeris,  dead,  very  few. 
Pecten  opercularis,  dead,  few. 
Ostrea  edulis,  dead,  very  few, 
Trocbus  cinerarius,  living,  many. 
Turritella  communis,  dead,  few. 
Buccinum  undatum,  dead,  many. 
Cypnea  Europiea,  dead,  few. 


Brown's  Bay,  Island  Mag€e> 
Corbula  nudens,  living,  few. 
Thrada  villosiuscula,  dead,  one. 
Solen  ensis,  dead,  one, 
Psammobia  Ferroensis,  dead,  one. 
Tellina  incamata,  dead,  several ;  old 
valves. 

—  fabula,  dead,  several. 
Syndoamya  alba,  dead,  few. 

—  prismatica,  dead,  few. 
Donax  anatinus,  living,  one. 
Mactra  subtmncata,  living,  few. 
Lutraria  dliptica,  dead,  one. 

2l8t  June,  1858.— Between 
Muck^  in  about  20  fathoms : — 
Mol^a  tobolosa,  living,  several, 
Cynthia  moms,  living,  several. 


from  4  fathoms  outside,  to  close  in  shore : — 

Tapes  pullastra,  dead,  one. 

Venus  striatula,  living,  few. 

Artemis  lincta,  dead,  few. 

—  exoleta,  dead,  few. 
single      Cyprina  Islaudica,  dead,  one;  living,  one, 
young. 

Cardium  pygmseum,  dead,  one. 

Lucina  borealis,  dead,  one. 

Nucula  nitida  ?,  living,  few. 

Leda  caudata,  dead,  one. 

Turritella  communis,  dead  one. 


the  Maidens'  Lighthouses  and  the  Isle  of 

»id,  few. 
sad,  few. 
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Pandora  obtusa,  dead,  one. 
Tellina  crassa,  dead,  one. 
Mactra  elliptica,  dead,  one,  double. 
Tapes  Tirginea,  dead,  several. 
Venus  oasina,  dead,  many. 
— —  fasciata,  living,  one. 
—  ovata,  living,  several.  , 
Artemis  exoleta,  dead,  one. 

lincta,  dead,  one. 

Astarte  sulcata,  living,  several 
Cardium  edule,  living,  one,  small  size. 
— ^  pygmseum,  living,  few. 

fasciatnm,  living,  several. 

Modiola  modiolus,  dead,  several. 

Nucula  nucleus,  dead,  several ;  living,  several. 

Leda  oaudata,  dead,  several. 

Pectunculus  glycimeris,  dead,  many;  living, 

few. 
lima  Loscombii,  living,  one. 
^-^  subauriculata,  dead,  several 
Pecten  pusio,  dead,  several 
— —  tigrinus,  dead,  many ;  single  valves. 


Pecten  operculans,  dead,  several 

Anomia  ephippium,  dead,  few. 

Terebratula  caput-serpentis,  dead,  several; 

living,  few. 
Crania  anomala,  dead,  several 
Chiton  cancellatus,  living,  few. 
Dentalium  entalis,  living,  several 
Pileopsis  Hungaricus,  living,  one. 
Emarginula  reticulata,  dead,  several. 
Trochus  zizyphinus,  living,  many. 

millcffranus,  living,  few. 

tumidus,  dead,  one. 

dnerarius,  living,  one. 

Turritella  communis,  dead,  one. 
Natica  Montagui,  living,  few. 
—  nitida,  living,  few. 
Murex  erinaceus,  dead,  one. 
Nassa  incrassata,  dead,  many ;  living,  one. 
Trophon  clathratus,  dead,  few. 
Cyprsea  Europiea,  dead,  few. 
Dendronotus  arborescens,  living,  few. 


21 8t  June,  1858.  —  In    a  day's  dredging  east    and  south-east  of  the 
Maidens'  Rocks,  off  Larne,  in  from  70  to  90  fathoms,  the  operations  having 
been  very  much  impeded  by  the  strong  currents,  and  the  dredge  catching  on 
the  rocks  at  such  a  depth,  the  following  species  were  obtained  : — 
Pholadidea    papyracta,  living,  one ;    very     Pileopsis  Hungaricus,  dead,  several 


small,  in  hard  clay. 
Saxicava  arctica,  dead,  few )  living,  several 

rugosa,  living,  several. 

Corfoula  nndeus,  Imng,  several. 
Solen  siliqoa,  dead,  one ;  fragment. 
Tapes  virginea,  dead,  several ;  living,  one. 
Venus  casina*  dead,  several 

—  ovata,  dead,  several ;  living,  few. 
Ludnopsis  undati^  dead,  one. 
Astarte  sulcata,  livin^p,  several. 
Cardium  fssdatum,  hving,  few. 

—  pygmseum,  dead,  few ;  living,  few. 
MytUus  edulis,  dead,  several ;  single  valves. 
Modiola    mo^dus,    dead,  several;   Uving, 

several 

—  phaseoUna,  living,  several 
Crenella  marmorata,  hving,  few. 
Nucula  nucleus,,  desid,  few :  living,  several 
Leda  caudata,  dead,  several. 
PectuBOulus  glyslmeris,  dead,  few. 

Lima  Loscombii,  living,  one. 

subauriculata,  dead,  one. 

Pecten  pusio,  dead,  few ;  living,  two,  small 

size. 
— ^  striatus,  living,  one. 

—  tigrinus,  dead,  several ;  living,  few. 

opercularis,  dead,  several 

Anomia  ephippium.  living,  several. 
aculeata,  dead,  several. 

patelliformis,  living,  few. 

Terebratula  caput^erpentis,  dead,  several; 

living,  several 
Crania  anomala,  dead,  several. 
Chiton  Hanleyi  ?,  living,  one. 

cancellatus,  living,  few. 

Propilidium  ancyloide,  living,  one. 
Dentalium  entalis,  living,  several. 


Ema^nula  reticulata,  dead,  several  (  living, 

few. 
— »  crassa,  dead,  one. 
Trochus  zizyphinus,  living,  several 

millegranus,  Uving,  several 

— —  tumidus,  living,  few. 

dnerarius,  living,  one. 

Natica  nitida,  dead,  several ;  living,  one. 

Montagui,  living,  few. 

Velutina  laevigata,  livmg,  few. 

Nassa  incrassata,  dead,  manys  livings  naei 

dead  mostly  with  Paguri 
Bucdnum  undatum,  dead,  sevenl;  livings 

several,  very  young. 
Fusus  Islandicus,  living,  one. 

antiquus,  living,  one. 

Trophon    clathratus,    dead,    one;    living, 

several 
Cypnea  Europsea,  dead,  few. 
Dendronotus  arborescens,  living,  sevenl 

CnVSTAOBA. 

Hyas  coarctatus,  few. 
Eurynome  aspera,  one. 
Portunus  depurator,  several. 
Ebalia  Pennantii,  two. 
Pagurus  Bemhardus,  many. 

Prideauzii,  two. 

Thompsoni,  several 

Galathea  nexa,  two. 
Pandalus  annulioorab,  several. 

CiRRIPKDIA. 

Balanus  porcatus,  dead,  valves. 

ECHXNODnaMATA. 

Opbiura  albida,  few. 
Ophiocoma  bellis,  few. 
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Ophioeoma  romla,  few. 

Gribella  oculatai  two, 

Solttter  pappoM,  few. 

Palmipen  membranaceos,  one,  very  small. 

Echiniis  sphaera,  one. 

Echinocyamas  pusillus,  many* 

Amphidotus  roseus,  few. 

Thyone  papillosa,  two* 

Sipanculus  Bernhardus,  few. 

POLYBOA. 

Tubulipora  patina,  few. 

serpens,  few. 

Crisia  eburnea,  few, 

Lepralia,  Tarious  species,  not  yet  determined. 

Cellularia  reptans,  few. 

Flostra  foliacea,  many. 

trancata,  few. 

avicnlaris,  few. 

Salicomaria  fardmoides,  few, 
Alcyonidiom  gelatlnosum,  few. 


Hklianthoipa. 
Cyathina  Smithii. 
Adamsia  maculata. 

ASTRROIDA. 

Alcyonium  digitatum. 

Htdroida. 

Tubularia  indivisa,  many. 

larynx,  many. 

Halecium  Beanii,  few. 
Sertularia  rugosa,  two. 
rosacea,  many, 

—  tamarisca,  two. 

—  abietina,  many. 

argentea,  many. 

Antennularia  antennina,  few. 
Plumularia  falcata,  many. 

Laoroedea  ?,  parasitical   upw  Tftbu- 

laria. 


Turbot  Bank.  On  the  22nd  June  some  exploration  was  effected,  and  on 
the  23rd  a  steamer  wqs  engaged  from  Belfast,  when  a  quantity  of  qaatcrial 
was  obtained  from  the  Bank  and  the  deep  water  adjacent  After  the  copious 
list  published  in  the  Report  of  the  British  Association  for  1857»  it  would  be 
needless  to  repeat  the  whole  of  the  species  obtained  during  the  present 
season ;  but  in  order  to  show  the  richness  of  the  deposit,  a  list  is  here  given 
of  the  contents  of  a  sm^ll  basketful  of  the  shell-sand  forwarded  tp  J.  G wyn 
Jeffreys,  Esq.,  and  comiQunicated  by  him  as  follows  : — 

lAst  of  Tesiacea  found  by  J.  Gwyn  JeffireySy  Esq.^  in  dredged  ^ndfrajn  the 
Turbot  Bank  near  Belfast  Bay. 

A.  Arctic.    N.  Northern.    S*  Southern. 
Area  tetragona. 


SaxicaTa  rugosa, 
Corbola  nncleiis. 
Pandora  obtua. 
Tbracia  YiUosias«QUu 
Psammobia  tellinella,  living. 
— —  costolata,  a  single  valve* 
Maetim  dUptica,  living. 
Tapes  pullastra. 

virginea. 

Venus  casiaa. 

striatula. 

— *  fMciata,  Uving. 

—  ovata. 
Aitemis  ezoleta. 
— ^linota. 
Orce  minima. 
Attarte  sulcata. 

—  triangularis,  living. 
Cardium  echinatum. 

—  ponctatum  (nodosum). 
fasciatum. 

Ludna  borealis. 

—  spinifera* 
Montaeuta  ferruginosa. 

Udeatata. 

Modiola  modiolus. 
phaseoUna. 

.  Crendla  decussata,  living. 
Nueida  nucleus. 
Leda  caudata. 


Pectunculus  glyciroeris. 

Lima  sobanricnlata. 

Losoombii* 

Pecten  varius. 

pusio. 

— —  tigrinus. 

opercularis. 

Ostrea  edulis. 

Anomia  ephippfum. 

Terebratula  caput^erpen^s. 
N.  Crania  anomala. 

Patella  vulgata. 

Aemssa  virginea. 
N.  Propilidlum  ancyloide. 

Dentalium  entails* 
N.  Puncturella  Noachina. 

Fissurella  reticulata. 

Emarginula  reticulata. 

Trochus  zizyphinus. 

millegpimus. 

Montagui. 

tumidus. 

— —  dnerarius. 

magus. 

N.  T.  (Margarita)  undulatus. 

T.  (Margarita)  pusillus. 

PhasiandlapuUus. 
S.  Adeorbis  subcarinata. 

littoriaa  rudis. 
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littoiina  littoralis. 

Lacuna  pallidula.  S. 

— ^  puteolus. 

yincta. 

—  crassior. 
S.  RisBoa  striatula. 
S.  crenulata. 

Beanii. 

ptinctara. 

' costata.  A. 

—^striata. 

—  parva. 

' inconspicua,  var.  alhida.  N. 

semistriata  and  var.  alba. 

cingiUus  and  var.  rupestris. 

Boluta. 

Skenea  planorbis. 

divisa. 

Turritella  communis. 
AporrhaiB  pes-pelecani. 
Cerithium  reticulatum. 

adversum. 

Eulima  polita. 

—  distorta.  A. 
-»—  bilineata.                                            S. 

S.  Chemnitzia  elegantitsima. 

S.  rufa. 

S*  scalaris. 

^■^  interstincta. 

indistincta. 

Odostomia  unidcntata. 

plicata. 

•—  eulimoides. 

—  dubia. 

—  nitida. 
— ^  rissoides. 

—  cylindrica. 

2Srd  June,  1858. — Turbot  Bank.  In  addition  to  the  foregoing,  the  fol- 
lowing species  have  also  been  since  determined,  not  hitherto  recorded  from 
thitf  locality,  including  the  deep  water  adjacent 


Odostomia  insculpta. 

truncatula  (one  specimen).  Ply- 
mouth Sound  is  the  only  other  known 
locality. 

spiralis. 

decussata. 

Eulimella  adcula. 

Natica  nitida. 

Montagui. 

—  dausa  (young) ;  has  the  umbilicttt 
entirely  closed. 

Vclutina  laevigata. 
Trichotropis  borealis. 
Cerithiopsis  tubcrcularis. 
Murex  erinaceus. 
Purpura  lapillns. 
Nassa  incrassata. 

reticulata. 

Buccinum  undatum* 

HolbolUL 

Fusus  Islandicns. 

antiquus. 

Trophon  clatbratus. 
scalariformis. 

—  muricatus. 

Barvicensis. 

Mangelia  Trevelliana. 
rufa. 

LeufroyL 

—  linearis. 
scabra. 


septangularis. 

Cypraea  Europsea. 
Cylichna  truncata. 

(In  all  129  species.) 


Odostomia  Warrenil,  dead,  Mr.  Waller* 

excavata,  dead,  Mr.  Waller. 

*£ulimella  affinis,  dead,  Mr.  Waller. 
—  Scillie,  dead,  Mr.  Waller. 
*Cerithiop8is  pulchella,  dead,  Mr.  Waller. 
Nassa  pygma»,  living,  Mr.  Waller. 
Buccinum  cyaneum,  dead,  1857,  Mr.  Waller. 
Cylichna  mammillata,  deaid,  Mr.  Waller. 
umbilicata,  dead,  Mr.  Waller. 


Lepton  nitidum,  living,  Mr.  Waller. 
Area  lactea,  dead,  Mr.  Waller. 
^Emarginula  rosea,  dead,  Mr.  Waller. 
Rissoa  vitrea,  dead,  Mr.  Waller. 
^Skenea  costulata,  dead,  Mr.  Waller. 
Scalaria  Eschrichti,  dead,  Mr.  Waller. 
Aclis  supranitida,  dead,  Mr.  Waller. 
Odostomia   unidentata,  var.  torrita,  dead, 

Mr.  Waller. 
alba  and  var.,  dead,  Mr.  Waller. 

16th  August,  1858. — On  this  day  Mr.  Waller  and  Mr.  Hyndman  dredged 
over  the  entrance  to  Belfast  Bay  from  Groonisport  to  Whitehead,  thence  out 
eastward  into  60  fathoms,  and  found  only  nmd  and  sand  with  dead  and 
broken  shells,  containing  nothing  worthy  of  record  oxept  a  few  specimens 
of  Emarginula  crassa  of  large  size,  but  dead  and  damaged,  and  a  single 
living  specimen  of  the  same  of  small  size.  On  returning,  when  off  the 
Copelands,  in  40  fathoms,  a  single  broken  example  of  MangeUa  Leufroyi 
occurred. 

On  the  18th  August  they  were  occupied  in  dredging  in  25  fathoms  about 
two  miles  off  Black  Head,  in  a  line  with  the  Copeland  Light.    A  quantity 

*  New  to  the  Irish  list. 
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of  shell-sand  was  procured  here>  not  yet  fully  examined ;  but,  at  present, 
the  following  species  of  shells  have  been  made  out : — 


Saxicava  rugosa. 
Corbnla  nucleas. 
Pandora  obtnsa. 
Thrada  pbaseolina. 

Tillosiascula. 

Solen  pellucidus. 
Psammobia  Ferroensis. 
Syndosmya  alba* 

—  prismatica. 
Mactra  elliptica. 
Tapes  virginea. 
Venus  fasciata. 

striatula. 

ovata. 

Artemis  exolcta. 

lincta. 

Cyprina  Islandica. 
Astarte  sulcata. 

— ^  triangularis. 
Cardium  fasciatum. 

—  pygmasum. 

eciunatum. 

-^—  nodosum. 
Lucina  borealis. 

flexuosa. 

Montacuta  ferruginosa. 
•^—  bidentata. 

—  substriata. 
Lepton  nitidum. 
Modiola  modiolus. 

pbaseolina. 

Crenella  discors. 

—  marmorata. 

—  decussata. 
Nacula  nucleus. 
— -  nitida. 

radiata. 

Leda  caudata. 
Pectunculus  glycimeris. 
Lima  subauriculata. 

—  Loscombii. 
Pecten  opercularis. 

pusio. 

tigrinns. 

striatus. 

similis. 

—  maximus. 
Ostrea  eduli^. 
Auomia  ephippiuro. 

striata. 

Tercbratula  capuUscrpcntis. 
Patella  pellocida. 

Acmara  virginea. 
Propilidinm  ancyloide. 
Dentalium  entails. 
Pileopsis  Hungaricus. 
Fissurella  reticulata. 
Puncturella  Noachina. 
Emarginula  reticulata. 
Trochus  zizyphinus. 


Trochus  var.  Lyonsii. 

granulatus,  fragments. 

millegranus. 

Montagui. 

cinerarins. 

magus. 

tumidus. 

Phasianella  pullus. 
Adcorbis  subcarinata. 
Lacuna  crassior. 

yincta. 

Rissoa  Zetlandica. 

crenulata. 

Beanii. 

punctura. 

striata. 

parva. 

inconspicua. 

Turritella  communis. 
Aporrhai's  pes-pelecanl. 
Cerithinm  reticulatum. 

adversum. 

Scalaria  clatbratula. 
Aclis  supranitida. 
Eulima  polita. 

bilineata. 

distorta. 

Chemnitzia  elegantissima. 

indistincta. 

rufescens. 

Odostomia  trnncatula. 

interstincta. 

spiralis. 

Eulimella  Scilla;. 
Natica  monilifera. 

nitida. 

Montagui. 

Velutina  Issvigata. 
Trichotropis  borealis. 
Cerithiopsis  tubercularis. 
Murex  erinacens. 
Nassa  reticulata. 

incrassata. 

Duccinum  undatum. 
Fusus  antiquus. 

Islandicus. 

Tropbon  clatbratus,  living. 

muricatus,  living. 

Barvicensis,  living. 

Mangel  ia  turricuUi  living. 

TrevcUiana. 

rufa. 

septangularis. 

linearis. 

costata. 

Cyprsca  Europna. 
Ovula  acuminata. 
Cylicbna  obtusa. 
Scaphander  lignarius. 


4th  and  13th  September,  1858.— t)n  a  bank  called  "The  Riggs,"  lying 
ponth  of  the  Copelands^  about  a  mile  south  of  Donaghadee,  and  a  mile  from 
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bottom,  sand,  stones,  and  broken  shelb),  the 

Lima  subauricukta,  dead. 

Loscombii,  living  and  dead. 

Pecten  piuio,  dead. 

tigrinus,  living. 

opercularis,  living. 

maximus,  living. 

striatuSi  living. 

Anomia  ephippium,  living. 

Chiton ,  Uving. 

Acmaea  virginea,  living. 
Dentaliom  entalis,  living. 
Pileopsis  Hungaricus,  dead. 
Emarginula  reticulata,  living. 
Trochas  zizyphinus,  living. 

millegranus,  dead. 

tnmidua,  living. 

-^—  cinerarius,  dead. 
Phasianella  pollus,  dead. 
Lacana  crassior,  dead. 
Turritella  communis,  dead. 
AporrhaiB  pes-pelecani,  dead. 
Natica  nitida,  dead. 

Montagui,  dead. 

moniliferai  dead. 

Purpura  lapillus,  dead. 

Nassa ,  dead. 

Buccinuro  undatum,  living. 
Fosus  Islandicus,  dead. 
—  antiquus,  living. 
Trophon  clathratus,  dead. 
^— *  muricatus,  dead. 
Cjprea  Europfea,  dead. 

ISth  September,  1858— Four  miles  from  Black  Head,  in  a  line  with  the 
Copeland  Islands,  in  15  fathoms;  bottom,  mud  and  dead  shells,  with  eorol- 
lines : — 


land,  in  about  20  fathoms  (the 
following  species  occunred  :*^ 

Saxicava  rugosa,  living. 
Corbula  nucleus,  living. 
Pandora  obtusa,  living. 
Thracia  phaseolina,  dead. 
Solen  pellucidus,  dead. 
Psammobia  Ferroensis,  dead. 

—  tellinella,  living. 
Syndosmya  alba,  dead. 
— -  priMnatica,  dead. 
Mactn  elliptica,  living. 
Tapes  virginea,  living. 
Venus  casina,  dead. 

—  striatula,  living. 
fiisciata,  Uving. 

—  ovata,  living. 
Artemis  exoleta,  dead. 
— —  lincta,  dead. 
Cyprina  Islandica,  dead. 
Circe  minima,  living. 
Astarte  sulcata,  dead. 

triangularis,  living. 

Cardium  echinatum,  d^. 

—  fasdatum,  dead. 
Lucina  spinifera,  living. 
Modiola  modiolus,  living. 

—  phaseolina,  living. 
Crenella  decussata,  living. 
Nucula  nucleus,  living. 

—  nitida,  living. 

Leda  caudata,  living  and  dead. 
Pectunculus  glydmeris,  Uving  sod 
dead. 


Saxicava  rugosa,  Uving. 
Pandora  obtusa,  Uving. 
Thracia  viUosiuscula,  dead. 
Cochlodesma  pnetenue,  dead. 
Solen  ensis,  dead. 

—  peUucidus,  dead. 
Solecurtus  coarctatus,  dead. 
Psammobia  Ferroensis,  dead. 

tellinella,  Uving. 

TelUna  incamata,  dead. 
-»— crassa,  dead. 

-»—  tenuis,  dead. 
Syndosmya  prismatica,  dead. 

—  alba,  dead. 
Mactra  eUiptica,  dead. 
Tapes  virginea,  dead. 
Venus  casina,  living. 
— -  striatula,  dead. 

fasdata,  living. 

ovata,  Uving. 

Artemis  exoleta,  dead. 

Uncta,  dead. 

Cyprina  Islandica,  dead. 
Astarte  sulcata,  Uving. 
Cardinm  echinatum,  dead. 
-^—  fiwdatmn,  Uving. 


Cardinm  Norregicum,  living. 
Lucina  borealis. 

spinifera. 

Modiola  modiolus,  Uving. 

phaseolina,  living. 

Nucula  nudeus,  living. 

nitida,  Uving. 

Leda  caudata,  dead. 
Pectunculus  glycimeris,  dead. 
Lima  Loscombii,  dead. 
Pecten  opercuUris,  dead. 
-^—  tigrinus,  dead. 
■         similis,  dead. 

maximus,  dead. 

Ostrea  edulis,  dead. 
Anomia  ephippium,  dead. 
Terebratula  caput-serpentis,  Uving. 

Chiton ?  Uving. 

Acmna  virginea,  Uving. 
DentaUum  entalis,  Uving. 
PUeopsis  Hungaricus,  dead. 
Emarginula  reticulata,  Uving. 
Trochus  zizyphinus,  living. 
— ^  miUenranus,  dead. 
—  tumidus,  living; 
— •—  cinerarias,  dead. 
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Trochos  itiBgoM,  de^.  Nassa  incrassata. 

Pliasianella  pullus,  dead.  Buccinum  undatum,  living. 

Lacuna  crassior,  dead.  Fusus  Ulandieus. 

Rissoa  striata,  dead.  Trophon  clathratos. 

—  punctura,  dead.  _  muricatus. 

? .  Cypraea  Europsea,  living. 

Turritella  communis.  Doris. 

AponrhaJis  pes-pelecani.  Eolis. 

Odostomia ?  Lomanotus. 

-^ ?  Eledone  cirrhosus,  very  small. 

Natica  monilifera,  dead.  Scalpellum  vulgare,  on  stems  of  Antennu* 
'—^  nitida,  living.  laria. 

Montagui,  dead.  Balanus  porcatus,  dead,  bat  also  frequently 

Velntina  laevigata,  living.  found  living  on  other  occasions, 

Tricbotropis  borealis. 

14th  September,  1858. — The  weather  being  too  rough  for  distant  work, 

we  sent  out  the  men  to  dredge  in  the  Sound  between  the  large  Copeland 
and  .the  Lighthouse  Islands  in  12  fathoms,  and  procured  the  following  &— 
Saxicava  rugosa,  living,  large  size;  not  bur-     Anomia  ephippium,  living. 

rowing.  Terebratula  caput-serpentis,  living. 

Mya  arenaria,  dead.  Chiton ? 

Corbula  nucleus,  living.  ? 

Mactra  elliptica,  living.  Acmaea  virginea,  living. 

Syndosmya  alba,  living.  Dentalium  entalis,  dead. 

Tapes  virginea,  living.  Pileopsis  Hungaricus,  living. 

Cyprina  Island^ca,  dead.  Emarginula  reticulata,  living. 

Cardium  echinatum,  dead.  Trochus  magus,  living. 

— —  Norvegicum,  dead.  Rissoa  parva,  living. 

nodosum,  living.  Aporrhai's  pes-pelecani,  living. 

Nucula  nucleus,  living.  Yelutina  laevigata,  living. 

nitida,  living.  Trichotropis  borealis,  dead. 

Leda  caudata,  living.  Buccinum  undatum,  living. 

Modiola  modiolus,  living.  Fusus  antiquns,  livine. 

Pecten  maximus,  living.  Trophon  clathratus,  dead. 

opercularis,  living.  Echinus  sphaera. 

tigrinus,  dead.  miliaris. 

pusioy  living.  Alcyonium  digitatnm. 

striattts,  livi  ng.  Molgula  ^^  ? 

Ostrea  edulis,  living. 

Lisf  of  Crustacea  inhabiting  Belfast  Bay. 
By  Professor  John  Robert  Kinahan»  M^D.^  MMJ^A. 

Explanatory  marks : — ^D.  Specimens  obtained  by  me  in  1858.     C.  In  collections. 
C.S.B.  Identified  by  C.  Spence  Bate,  Esq. 

This  is  made  up  from  the  following  sources: — (1)  Specimens  obtaiaed 
during  dredging  excursions  at  Bangor,  Groomsport,  Holywood,  Carrick- 
fergus,  Whitehead,  Blackhead,  and  the  Gobbins ;  these  species  are  marked 
D,  and  have  been  all  carefully  identified.  (2)  A  careful  examination  of 
the  specimens  in  the  Belfast  Museum,  most  of  which  are  marked  in  the  late 
Mr.  W.  Thompson's  own  hand ;  in  the  private  collection  of  Mr.  Geo*  C* 
Hjndman ;  and  some  few  which  had  beien  preserved  by  Edward  Waller, 
Esq.  (3)  From  tho  specimens  obtained  by  the  Ordnance  Survey  Collectors 
in  1837-38.  And  (4)  as  regards  the  Ampnipoda,  chiefly  a  list  of  the  speci- 
mens collected  by  the  late  W.  Thompson,  Esq.,  and  submitted  to  Mr.  West- 
wood,  kindly  furnished  to  me  by  Charles  Spence  Bate,  Esq.,  F.L.S.,  by  whom 
they  were  identified.  The  list  must  be,  however,  looked  on  as  a  mere 
approximation,  to  a  full  list  of  Crustacea,  as  many  of  the  Amphipoda  and 
Isopoda  recorded  even  in  Thompson's  lists  are  purposely  omitted,  being 
critical  species  which  have  been  so  imperfectly  described  as  to  render  their 
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discrimination  from  kindred  species  hazardous  in  the  extreme.   I  hare  there* 
fore  thought  it  more  advisable  to  pretermit  all  notice  of  such  species. 


D.  Intchus  Dorynchus.  Common  at  Grooms- 
port 

D.  —  Dorsetensis.  Rather  scarce  at 
Groomsport. 

C.  — —  leptochirus.  Collected  by  Ordnance 

Survey. 

D.  Hyas  araneus. 
D.  —  coarctatds. 

D.  Steuorbynchus  phalangiom. 
D.  Eurynome  aspera. 

C.  Perimela  denticulata.    Belfast  Museum. 

D.  Cancer  pagunis. 

C  Pilumnus  hirtellus.    Belfast  Museum. 

C.  Xantho  florida.    Collected  by  Ordnance 

Survey. 

D.  Portunus  pnber. 
D.  — -  corrugatus. 
D.  —  arcuatus. 
D.  —  depurator. 
D.  —  pusillus. 
D.  —  holsattts. 
D.  Carcinns  Msnas. 

C.  Portumnus  variegatus.  Belfast  Museum. 

D.  Atelecyclus  heterodon. 

C.  Corystes  Cassivelaunus.  Belfast  Museum. 
C.  Gonoplax  angulatus.    Belfast  Museum. 
C.  Pixmotheres  pisum.    Belfast  Museum. 
C.  Bbalia  Pennantii.    Belfast  Museum. 
C.  —  Bryerii.    Belfast  Museum. 

C.  — —  Cranchii.    Ordnance  Survey. 

D.  Bemhardus  streblonyx. 
D. Prideanxii. 

D.  —  Thomson!. 
D.  — <—  Cuanensis. 
D.  —  Ulidianus. 
D.  —  Hyndmanni. 

D. hevis. 

D.  Porcellana  platychelcs. 

D. longicomis. 

C.  Galathea  squamifera.  Ordnance  Survey. 
C.  —  nexa.    Belfast  Museum. 

C. strigosa.    Belfast  Museum. 

D. Audrewsii. 

C.  Munida  Rondeletii.  Dredged  abundantly 

by  Mr.  flyndman. 
C.  Palinurus  vulgaris.    Ordnance  Survey. 

C.  Astacus  fluviatilis. 

D.  Homarus  vulgaris. 
D.  Crangon  vulgaris. 

D.  — —  AllmaniiL  Not  in  Thompson's  list. 
D.  —  fasdatus.  Not  in  Thompson's  list. 
D.  —  sculptus.  Not  in  Thompson's  list. 
D.  —  spinosus.  Not  in  Thompson's  list. 
D.  —  Pattersonii,  n.  s.     New  species, 

dredged  by  me  off  Blackhead. 
O.  Hippolyte  varians. 

D. Thompson!.  Not  in  Thompson's  list. 

D.  CranchiL    Not  in  Thompson's  list 

D.  pnsiola.    Not  in  Thompson's  list 

D.  Pandaius  annulicomis. 

C.  PalsBmon  serratus.    Ordnance  Survey. 
D. squilla. 

D.  Myiis  vulgaris. 


D.  Mysis  chamaeleon. 

C. Griffithsit    Belfast  Muaeum.    Not 

in  Thompson's  list. 
C.  Cynthilia  rlemingii. 
C.  Macromysis  brevispinosa. 
C.  Diastylis  Rathkii. 

C.  Cuma  trispinosa. 

D.  Talitrus  locusta. 
D.  Orchestia  littorea. 

D.  Deshayesii.     Not  in  Thompson's 

list    New  to  Ireland. 
D. IsBvis.  Not  identified  in  Thompson's 

list 
C.S.B.  Montagna   monoculoides.      Belfast 

Museum. 
C.S.B.  Lysianassa  costte.    Belfast  Musenm. 

C.S.B. longiconiis.    Bel&st  Museum. 

C.S.B.  Anonyx  minutus.    Belfast  Mnaeom. 
C.S.B.  •^—  gigas.    Belfut  Museum. 
C.S.B.  Ampelisca  Belliana.  Belfast Mnsenm. 
C.S.B.  —  typica.    Belfast  Museum. 
C.S.B.  Westwoodeacaecuhi.BeUastMu8eum. 

D.  Iphlmedia  obesa.    Belfast  Museum. 

D.  Dexamine  spinosa.  Belfiist  Museum. 
C.S.B. bispinosa.    Belfast  Museom. 

D.  Gammarus  fluviatilis. 

D. locusta. 

D.  —  marinus. 

C. campylops.    Belfast  Hst 

D.  • palmatus.    Not  in  Thompson's 

list. 

C.S.B. Othonis.    Belfost  Museum. 

C.S.B.  — —  gracilis.    Belfast  Museum. 

D. fongimanus. 

C.S.B.  Amphitoerubricata.  Belfast  Museum. 

C.S.B. littorina.    Belfast  Museum. 

C.S.B.  Podocerus  falcatus.  Belfast  Museum. 

C.S.B.  Erichthonios ?  BeUast  Museum. 

D.  Corophium  longioome. 

D.  Hyperia  galba.    In  Acalephse. 

D. ?  cyanea.    With  the  last 

D.  Caprella  acuminifera. 
D.  Arcturus  longicomis. 
D.  Idotea  pehigica. 
D. tricuspidata. 

C.  emarginata.    Belfast  Museum. 

D.  Limnoria  terebrans. 
D.  Asellus  aquaticus. 
D.  Jaera  albifrons  ? 

D.  Lygia  oceanica. 

D.  PhUoscia  muscorum. 

D.  Philougria  riparia. 

D.  Porcellio  scaber. 

D.  —  pictus. 

D.  —  laevis. 

D.  Oniscus  murarius. 

D.  —  fossor. 

D.  Armadillium  vulgare. 

C.  Anceus  maxillaris. 

D.  Sphseroma  serratum. 
D.  —  rugicauda. 

D.  Nessea  hidentata. 

C.  iEga  bicarinata.    Bel£Mt  Museam. 


Digitized  by  ^OOQ IC 


ON  THE  ADAPTATION  OF  SUSPENSION  BRIDGES.  it9$ 

Description  of  new  species  of  Crangcn^  C  Paiiersonii,  in  foregoing  list : — 
Rostrum  rounded,  apex  scarcely  length  of  ocular  peduncles;  carapace  with 
four  (?)  lines  of  spines ;  abdomen  smooth^  without  sulcatioUi  except  in  telson ; 
in  other  respects  as  Crangon  spinosus. 


Additional  List  ofPofyzoa.    By  the  Rev.  Thomas  Hincks. 

Crisia  ebumea.  Membranipora  simplex  (n.  sp.),  Hincks. 

Tubulipora  padna.  Lepralia  I^ndsborovii.    A  very  distinct  and 

incunrata  (n.  sp.),  Hincks.  beautiful  form  is  nol  uncommon  amongst 

Diastopora  obelia.  the  dredgings,  which  1  refer  doubtfully  to 

Alecto  granulata.  this  species,  of  which  veiy  little  is  known. 

major.  —  concinna. 

—  dichotoroa-Lamouroux.    A  single  spc-     variolosa. 

dmen  of  an  Aleoto  has  occurred,  which  —^  nitida. 

seems  identical  with  the  fossil  form  de-     Woodiana  (n.  sp.),  Busk.    This  fine 

scribed  and  figured  by  Lamoiiroux  in  his  species  has  only  been  known  hitherto  as  a 

*  Exposition  Methodique '  under  the  above  Crag  fossil.     It  will  be  described  and 


figured  by  Mr.  Busk  in  his  forthcoming 

Crisidia  comota.  Monograph  on  the  Polyzoa  of  the  Crag. 

Salioomaria  farciminoides.  Peachii. 

ScrnpeUaria  scruposa.  ventricosa. 

i£tea  angiiina.  eximia  (n.  sp.),  Hincks. 

Qemdlana  loricata.  Cellepora  armata  (n.  sp.),  Hincks.    I  had 

BnguU  flabellata.  already  obtained  this  new  species  from  thi; 

Flustra  truncata.  Dogger  Bank. 

Membranipora  pilosa.  Eschara  cervicomis,  Busk. 

— —  PouiUetii  (Audouin).  Arenella  dilatata,  Hincks. 

—^  spinifera  (Alder's  Catalogue). 

-»-  solidula  ^n.  sp.),  Alder  M  S.  Mr.  Alder 
has  previousky  obtained  it  from  other  local- 
ities. 

I  have  also  met  with  the  Asteroid  Zoophyte^  Sarcodictyon  caienaia  of 
Forbes. 


Appendix  to  Mr.  Vignoles^  j^opcr  "  On  tlie  Adaptation  of  Sttspension 
Bridges  to  sustain  the  passage  of  Railway  Trains^^  {Rept.  Brit.  Assoc. 

1857). 

For  calculations  relating  to  Suspension  Bridges,  reduced  to  the  simplest 
terms,  and  considering  the  curve  of  the  chain  as  a  parabola  : — 

Unit  of  length 1  foot 

„        superficies 1  square  foot. 

„        volume 1  cubic  foot. 

„        weight 1  ton. 

;r=half  chord  of  parabolic  curve  of  chain       .1 

y=  versed  sine  of  ditto >  clear  of  supports. 

A=semi- parameter  of  the  parabola    ...     .J 

N.B.  A= —  by  the  properties  of  the  parabola. 

M=  minimum  sectional  area  of  the  chain,  exclusive  of  appendages. 
n=: appendages  of  the  chain.    (See  explanations,  a,) 
M+n=sectional  area  of  chain,  for  calculating  its  weight  and  tension. 
11= weight  of  a  cubic  foot  of  iron, 
esmaximum  weight  admitted  on  chain.    (See  explanations,  b.) 
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Bee  ^=:length  of  chain  at  top  or  highest  part, 
sec  ^'sditto  at  bottom  or  lower  part 
Airload  on  the  chain.    (See  explanations,  <?.) 
/=  weight  of  the  chain  and  its  appendages. 
;fc4./=^=total  maximum  load  on  chain  for  cal- 
culating tension. 

Tsstension  at  any  part  of  the  chain. 

r=  height  or  depth  of  abutment 

Pi=  half  length  of  abutment 
W= theoretical  weight  of  abutment  to  resist 
tension* 

FORMUL.S. 


corresponding  to  1  foot 
in  length,  measured 
horizontally  along  the 
chord  of  the  parft- 
bolic  curve  of  the 
chain. 


(See  explanations,  d.) 


for  sectional  area  of  chain. 


c— M.  n.sec  ^  VA^-f  «? 

T=/>v^A'+a^     .    .    .    for  tension  of  chain. 

Tr 
Wrr-p- for  resistance  to  tension. 

a.  Appendages  of  the  Chains. — The  minimum  sectional  area  of  the  chains 
is  the  product  of  the  breadth  and  thickness  of  the  iron  thereof  in  its  smallest 
dimensions.  But  the  links  of  plate-chains  overlap  each  other  at  their  extre- 
mities, which  are  enlarged  and  connected  together  by  screw-ended  short  bolts 
of  large  diameter,  secured  by  nuts  and  keys ;  these  additions  to  the  simple 
chains  constitute  their  appendages,  and  increase  the  weight  (and  eomequetUly 
the  average  sectional  area)  by  about  from  %  to  25  per  cent,  of  the  ndnimum 
area.  Where  wire  is  employed  for  the  suspension  in  the  form  of  cables,  the 
appendages  thereof  will  bear  a  very  much  smaller  proportion  than  the  above 
to  the  iniiiimttm  area,  as  they  consist  merely  of  the  wrappings  around  the 
steel  strands  of  the  cables. 

h.  Maximum  Weight  admitted  en  ike  Chains, — The  maximum  weight  or 
strain  on  the  chains  or  wire  cables  of  suspension  bridges,  should  not  exceed 
a  fiMirth  or  a  fifth  of  the  breaking  weight  or  strain,  nor  should  it  exceed 
.materially  the  half  of  that  strain  which  would  produce  a  permanent  effect 
upon  the  natural  elasticity  of  the  iron.  The  breaking  weight  or  strain  of 
good  wrought  iron  varies  from  20  lbs.  to  as  much  as  28  lbs.  (avoirdupois) 
upon  the  square  inch  of  the  section  of  the  bar.  The  strain  which  causes 
wrought  iron  to  take  a  permanent  set  (that  is,  which  so  stretches  the  fibres 
of  the  iron  that  their  elasticity  is  injured,  whereby  the  iron  no  longer  returns 
to  its  normal  length  when  the  strain  is  taken  off),  varies  from  10  lbs.  to 
14  lbs.  per  square  inch.  Consequently  the  expression  (e)  in  the  formula 
ought  not  to  be  taken  higher  than  from  5  lbs.  to  7  lbs.,  or  from  0*0022  ton 
to  0K)032  ton. 

R  c.  Load  on  the  CAam.— This  quantity  comprises  the  weight  of  the  sus- 
pension rods  (dependent  from  the  chains  or  cables,  and  from  which  the 
platform  of  the  bridge  is  suspended)^  also  the  weight  of  the  roadway  or  plat- 
form, and  the  greatest  weight  with  whicli  the  platform  can  be  loaded.  These, 
together,  constitute  the  load  on  the  chains,  exclusive  only  of  the  weight  of 
these  chains  themselves  and  of  their  appendages. 

d.  ZHmensions  of  the  Abutment. — The  hei^t  or  depth  of  the  abutment  is 
to  be  measured  from  the  point  on  the  outer  face  thereof,  at  which  the  chains 
enter  therein  ;  and  the  length  of  the  abutment  is  to  be  measured  from  that 
same  point  to  the  point  at  the  opposite  or  inner  side  of  the  abutneflt  to 
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• 
whidh  ihd  chains  extend,  and  where  they  are  attached  or  fastened  by  meand 
of  mooring-plates)  abutting  against  this  extreme  end.  The  weight  of  the 
abutment  will  be  calculated  ^m  its  dimensions,  in  proportion  to  the  specific 
gravity  of  the  material  employed  in  its  construction ;  and  the  actual  weight 
of  the  abutment,  as  built,  should  be  from  four  to  five  times  the  theoretical 
weight,  determined  by  the  formula,  as  that  required  to  resist  the  tension, 
exclusive  of  friction  or  surface-resistance.  If  the  abutment  should  be  sub- 
jected to  be  surrounded  by  water,  either  constantly  or  periodically,  the  con- 
sequent augmentation  necessary  in  the  dimensions  and  weight  of  the  abut- 
ment must  be  determined,  in  proportion  to  the  depth  of  water  in  which  it 
may  be  submerged. 


Report  of  the  Joint  Committee  of  the  Royal  Society  and  the  British 
Association^  for  procuring  a  continuance  qf  the  Magnetic  and 
Meteorological  Observatories. 

At  the  Meeting  of  the  British  Association,  which  was  held  at  Dublin  in 
August  1857»  a  resolution  was  adopted,  proposing  the  continuance  of  the 
system  of  magnetical  observations  which  was  commenced  under  the  auspices 
of  the  Royal  Society  and  of  the  British  Association  in  1840;  and  a  Com- 
mittee, consisting  of  the  President  of  the  Association,  the  Rev.  Dr.  Robinson, 
and  Miyor-General  Sabine,  was  appointed,  to  request  the  cooperation  of  the 
President  and  Council  of  the  Royal  Society  in  the  endeavour  to  attain  this 
olject)  and  to  take,  in  conjunction  with  them,  such  steps  as  may  appear 
desirable  for  that  end. 

The  Committee  thus  appointed  accordingly  held  a  meeting  in  Londoni  on 
the  5th  November  last,  at  which  it  was  agreed  to  reconmiend  that  hourly 
observations^  for  not  more  than  five  years,  should  be  undertaken  at  certain 
stations  in  the  British  Colonies  ;  and  a  letter  was  addressed  to  the  President 
of  the  Royal  Society,  asking  for  his  cooperation,  and  that  of  the  Council  of 
the  Society,  in  endeavouring  to  attain  that  object 

This  application  was  favourably  received  by  the  Council  of  the  Royal 
Society ;  and  on  the  10th  of  December^  1857,  the  following  resolution  was 
adopted  m  reference  to  it : — 

^  That  Sir  John  Herschel,  the  Astronomer  Royal,  the  Dean  of  Ely,  and 
Tyt.  Whewell,  be  appointed  a  Committee,  to  cooperate  with  the  Committee 
appointed  with  thb  view  by  the  British  Association,  and  to  take,  in  conjunc- 
tion with  them,  such  steps  as  may  be  necessary,  including,  if  it  be  thought 
desirable,  an  application  to  the  Government" 

In  consequence  of  this  resolution,  a  correspondence  took  place  among  the 
members  of  the  two  Committees,  which  having  resulted,  it  is  believed,  in  a 
general  agreement  as  to  the  course  to  be  adopted,  the  joint  Committee  so 
acting  in  cooperation  met  at  Leeds  on  the  24th  September,  and  in  the  first 
Instance  proceeded  to  inquire  into  the  nature  and  scientific  value  of  the  results 
which  have  already  been  secured  by  the  system  of  observation  hitherto 
carried  out,  at  the  observatories  maintained  by  the  Government,  at  the  joint 
recommendation  of  these  two  bodies ;  with  a  view  to  forming  a  distinct  opinion 
whether  they  are  such  as  to  merit  being  regarded  as  a  reasonable,  and,  what 
may  be  called*  a  remunerative  return  for  the  labour  and  thought  bestowed 
upon  them,  and  the  very  considerable  expenditure  of  the  public  money 
incurred  by  them.  In  so  doing,  they  have  limited  their  views  to  the  results, 
as  compared  with  the  expenditure,  in  the  British  Colonial  magnetic  observa- 
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tories  only,  without  taking  into  consideration  those  dedocible  from  ot>9enra<» 
tions  made  under  foreign  auspices ;  and  they  find  that,  at  the  cost  of  an 
expenditure  which  may  be  reckoned  at  about  j£400  per  annum  (exclusive 
of  the  cost  of  instruments,  outfit,  and  publication),  for  each  of  the  several 
observatories  at  St.  Helena,  Toronto,  Hobartou,  and  the  Cape  of  Good 
Hope  during  the  respective  continuance  of  each,  the  accumulated  observa- 
tions, so  far  as  they  have  yet  been  discussed,  have  produced  the  following 
results,  which  they  consider  as  satisfactorily  established. by  the  discussion : — 

In  the  first  place,  the  mean  state  of  the  several  magnetic  elements  for  each 
of  the  stations,  as  reduced  to  a  fixed  epoch,  has  been  obtained  with  a  pre* 
cision  of  which  nothing  previously  done  has  afforded  any  example — emula* 
ting,  in  this  respect,  the  exactness  of  astronomical  determinations,  and  com- 
petent to  serve  as  a  fixed  point  of  departure,  to  the  latest  ages  ;  and  this  for 
each  of  the  elements  in  question — the  dip,  the  declination,  and  the  intensity 
of  the  magnetic  force. 

Secondly,  that  at  each  station,  the  rate  of  regularly  progressive  secular 
change  in  all  the  three  elements  above-mentioned  has  been  ascertained  with 
a  degree  of  precision  which  contrasts  strongly  with  the  loose  and  inaccurate 
determinations  of  former  times* 

Thirdly,  that  the  laws  of  the  diurnal,  annual,  and  other  periodic  fluctua- 
tions in  the  values  of  these  elements,  as  exhibited  at  each  station,  have  been 
established  in  a  manner  and  with  a  decision  to  which  nothing  hitherto 
executed  in  any  branch  of  science,  astronomy  excepted,  is  comparable ;  and 
that  the  results  embodied  in  the  examination  of  these  laws  have  laid  open  a 
view  of  magnetic  action  so  singular,  and  so  utterly  unexpected,  as  to  amount 
to  the  creation  of  a  new  department  of  science,  and  the  detection  of  a  com- 
pletely novel  system  of  physical  relations :  for  that,  in  the  first  place,  the 
systems  of  diurnal  and  annutU  magnetic  changes  have  each  been  separated 
into  two  perfectly  distinct  and  physically  independent  systems, — the  one,  at 
any  particular  station,  holding  its  course  according  to  laws  depending  solely 
on  the  sun's  hour-angle  at  the  moment  of  observation,  and  hb  meridian 
altitude  at  different  seasons ;  the  other  comprehending  all  those  movements 
which,  under  the  name  of  magnetic  storms,  or  *<  irregular  disturbances,"  have 
hitherto  presented  the  perplexing  aspect  of  phenomena  purely  casual, 
capricious  in  amount  and  in  the  particular  occasions  of  their  occurrence 
when  regarded  singly,  has  been  shown,  by  these  discussions,  to  be  subject 
in  its  totality  to  laws  equally  definite  with  the  others,  though  more  dependent 
for  their  application  on  peculiarities  of  local  situation.  As  regards  the  first 
of  these  systems  of  fiuctuation,  they  find  it  demonstrated : — 

That  the  sun's  regular  action  on  the  magnetism  of  the  globe  is  deter* 
mined  by  a  law  of  no  small  complexity  and  intricacy,  but  which,  nevertheless, 
has  been  traced  with  precision  and  certainty,  and  shown  to  be  referable,  in 
the  first  place,  and  for  one  of  its  arbitrary  coefiicients,  to  the  geographical 
situation  of  the  place  of  observation  with  respect  to  a  certain  line  or  equator 
on  the  earth*s  surface,  which  cannot  yet  be  precisely  traced  for  want  of 
sufficiently  numerous  stations  (but  which  seems  to  approach  to  the  line  of 
least  intensity  and  is  very  far  from  coinciding  with  the  geographical  equator), 
— and  in  the  next,  and  for  its  other  influential  cause,  to  the  fact  of  the 
sun's  having  north  or  south  declination  ;  so  that  the  whole  diurnal  change 
in  any  one  of  the  elements,  and  at  any  station,  is  made  up  of  two  portions, 
one  of  which  retains  the  same  sign,  and  a  constant  coefficient  all  the  year 
round  ;  the  other  changes  sign,  and  varies  in  the  value  of  its  coefficient  with 
the  annual  movement  of  the  sun  from  one  side  of  the  equator  to  the  other* 

That,  consequently,  for  a  station  on  the  magnetic  equator  (so  defined), 
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the  mean  amount  of  diurnal  change  is  nil,  when  taken  over  the  whole  year ; 
but  that  on  any  particular  day  in  the  year  it  has  a  determinate  magnitude, 
which  passes  through  an  annual  periodicity,  with  opposite  characters  in 
opposite  seasons ;  and  that  for  a  station  in  middle  latitudes  the  mean 
diurnal  fluctuation  is  not  nily  but  such  as  during  every  part  of  the  year  to 
exhibit  an  easterly  deviation  in  the  morning  hours,  and  a  westerly  in  the 
evening  hours,  for  stations  north  of  the  magnetic  equator,  and  vice  versa 
for  those  south  of  it ;  but  that  the  amount  of  this  deviation,  or  the  amplitude 
of  the  diurnal  fluctuation,  varies  with  the  seasons,  being  exaggerated  or 
partially  counteracted  by  the  alternate  conspiring  and  opiK)sing  influence  of 
the  sun's  declination  during  the  summer  and  winter  seasons. 

As  regards  the  irregular  disturbances,  though  arbitrary  and  capricious  in 
extent  and  in  the  moments  when  they  may  be  expected  individually,  this 
does  not  prevent  their  obeying  with  great  fidelity  the  law  of  averages  when 
grouped  in  masses  and  treated  separately  from  those  of  the  former  class. 
So  handled,  they  are  found  to  conform  in  the  average  eflect,  at  each  of  the 
twenty-four  hours  of  the  day,  and  on  each  day  of  the  year,  to  the  very  same 
rules  as  regards  the  sun's  daily  and  annual  movement, — with  one  remarkable 
point  of  difierence :  viz.,  that  their  hours  of  maxima  and  minima  are  not 
identical  with  those  of  the  regular  class,  but  that  each  particular  station 
has,  in  this  respect,  its  own  peculiar  hours,  analogous  to  what  is  called  the 
'^ establishment "  of  a  port  in  the  theory  of  the  tides;  and  that,  in  con- 
sequence, the  superposition  of  these  two  systems  of  diurnal  fluctuation  gives 
rise  to  a  series  of  compound  variations  analogous  to  the  superposition  of  two 
undulations  having  the  same  period  but  different  amplitudes  and  different 
epochal  times,  and  that,  by  attending  to  this  principle,  many  of  the  most 
complex  phenomena,  such  as  that  of  a  double  maximum  and  minimum,  with 
the  occurrence  of  a  nightly  as  well  as  a  daily  movement,  are  explained  in  a 
satisfactory  manner. 

The  discussion  of  the  observations  already  accumulated  has  further 
brought  into  view,  and  in  the  opinion  of  your  Committee  fully  establbhed, 
the  existence  of  a  very  extraordinary  periodicity  in  the  extent  of  fluctuation 
of  all  the  magnetic  elements,  and  in  the  amplitude  and  frequency  of  their 
irregular  movements  especially,  which  connects  them  directly  with  the 
physical  constitution  of  the  sun,  and  with  the  periodical  greater  or  less 
prevalence  of  spots  on  its  surface, — the  maxima  of  the  amount  of  fluctuation 
corresponding  to  the  maxima  of  the  spots,  and  these,  again,  with  those  of 
the  exhibitions  of  the  Aurora  Borealis,  which  appears  aJso  to  be  subject  to 
the  same  law  of  periodicity — a  law  which,  as  it  does  not  agree  with  any  of 
the  otherwise  known  solar,  lunar,  or  planetary  periods,  may  be  considered  as, 
so  to  speak,  personal  to  the  sun  itself.  And  thus  we  find  ourselves  landed 
in  a  system  of  cosmical  relations,  in  which  both  the  sun  and  the  earth,  and 
probably  the  whole  planetary  system,  are  implicated. 

That  the  sun  acts  in  influencing  the  earth's  magnetism  in  some  other 
manner  than  by  its  heat,  seems  to  be  rendered  very  probable  by  several 
features  of  this  inquiry;  and  the  idea  of  a  direct  magnetic  influence  ext  ^y^^ 
to  the  earth  is  corroborated  by  the  discovery  of  a  minute  fluctuation  in 
magnetic  elements,  having  for  its  period  not  the  solar  but  the  lunar  day,  and 
therefore  directly  traceable  to  the  action  of  the  moon.  The  detection  of 
this  fluctuation  by  Mr.  Kreil,  from  a  discussion  of  the  Prague  observations, 
has  been  confirmed  by  the  evidence  afforded  by  those  of  our  Colonial 
observatories,  and  appears  to  be  placed  beyond  all  question  by  the  recent 
deductions  for  the  horizontal  force  and  the  declination,  extending  over  three 
years  of  observation  at  the  Cape  of  Good  Hope,  which  General  Sabine  has 
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submitted  for  your  Committee's  inspection,  and  in  hoth  which  tiie  ftuctua- 
tions  in  question  emerge  iu  a  very  satisfactory  manner,  and  one  calculated 
to  give  a  high  idea  of  the  precision  of  which  spch  determinations  are 
susceptible,  when  it  is  considered  that  the  total  amplitude  of  oscillation  due 
to  this  cause  in  the  direction  of  the  Cape-needle  is  only  about  18"  of  angle. 
Your  Committee,  looking  at  this  long  catalogue  of  distinct  and  positive 
conclusions  already  obtained,  feel  themselves  fully  borne  out  in  considering 
that  the  operation  in  a  scientific  point  of  view  has  proved  so  far  eminently 
remunerative  and  successful,  and  that  its  results  have  fully  equalled  iii  im- 
portance and  value,  as  real  accessions  to  our  knowledge,  any  anticipations 
which  could  reasonably  have  been  formed  at  the  commencement  of  the 
inquiry. 

Havine  satisfied  themselves  of  the  great  and  important  value  of  the  i-esults 
already  obtained,  independent  of  the  dormant  interest  as  respects  future  dis- 
cussion which  the  mass  of  observations  accumulated  continues  to  possess, 
and  which  it  remains  for  future  theoretical  combinations  to  elicit,  your 
Committee  next  turned  their  attention  to  the  question  whether,  and  to  wKat 
extent,  the  maintenance  of  some  or  all  of  the  old  Colonial  observatories,  or  the 
establishment  of  new  ones  for  a  limited  term,  might  be  expected,  first,  to  ^ive 
additional  certainty  and  precision  to  the  determinations  already  obtained, 
and  secondly  to  elucidate  points  imperfectly  made  out,  and  more  espepiallv 
geographical  relations  which  determine  the  greater  or  less  amount  of  dis- 
cordance between  the  epochal  hours  of  the  regular  and  irregular  diurnal 
changes — relations  which,  no  doubt,  involve  the  causes  of  the  irregular 
fluctuations  themselves  (causes  at  present  involved  in  the  greatest  ob* 
scurity) — and  to  obtain  indications  of  the  points  in  the  earth's  surface  at 
which  the  forces  producing  them  originate. 

As  regards  the  general  question  as  to  the  desirableness  of  some  continua- 
tion of  the  observations,  its  seems  hardly  to  be  referred  to  our  consideration 
as  a  Committee, — the  resolutions  come  to  both  by  the  British  Association 
and  by  the  Council  of  the  Royal  Society,  in  the  appointment  of  their 
respective  Committees  of  co-operation,  indicating  an  opinion  already  con- 
clusively formed  on  the  part  of  both  bodies  to  that  effect  They  have  felt 
it  due  to  themselves,  however,  to  come  to  an  independent  conclusion  bn  that 
point;  and  having  done  so  with  perfect  unanimity,  on  the  grounds  sdready 
adduced  and  the  expectations  for  the  future  which  those  grounds  Justify, 
they  next  address  themselves  to  the  consideration  of  the  two  points  above 
indicated,  and  to  the  important  questions,  first,  whether  to  recommend  the 
Continuance  or  resumption  of  the  establishments  at  the  former  stations,  or 
the  selection  of  new  ones;  and  .secondly,  with  how  few  new  or  revived 
establishments,  with  how  liniited  a  scale  as  to  extent  and  expense,  and  with 
how  short  a  period  as  the  minimum  term  of  their  duration,  the  expecta- 
tion of  these  advantages  being  secured  could  be  compatible ;  and  niially  to 
fix  upon  the  stations  most  desirable. 

As  regards  the  first  point  referred  to,  viz.  the  more  complete  establish- 
ment of  the  laws  themselves,  and  the  giving  of  greater  numerical  |>recisi9n 
to  their  expression,  the  Committee  is  of  opinion  that  the  laws  theinselvte 
are  not  likely  to  be  subverted  or  contradicted  by  a  larger  series  of  observa- 
tions at  any  station  for  which  they  have  once  been  shown  to  prevail ;  bttt 
'  that  every  new  station  differing  much  in  geographical  situation  froin  the 
former  in  which  they  might  be  found  verified  with  or  without  supple- 
mentary modifications,  would  undoubtedly  add  strength  to  the  induction  by 
which  they  have  been  concluded.  Additional  numerical  precision,  on  the 
other  hand,  would  only  be  attained  by  a  continuance  of  observations  at 
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fprmer  stations,  and  is  not  a  point  of  sufficient  importance,  in  their  opinion^ 
to  be  entitled  to  any  weight  in  opposition  to  considerations  in  favour  of 
change,- — while  in  the  one  important  case  in  which  such  additional  precision 
isi  especially  desirable,  that  of  the  solar  period,  such  additional  precision 
win  f>e  acquired  ultimately  as  a  matter  of  course  by  continued  observation 
at  any  one  of  the  existing  permanent  observatories,  of  whose  business  mag* 
netic  observation  forms  a  part,  as  well  as  by  any  amount  of  Colonial  esta- 
blishments. 

It  is  therefore  mainly  in  the  elucidation  of  obscure  and  difficult  physical 
points,  and  in  the  probable  extension  of  our  knowledge  of  the  geographical 
and  other  conditions  on  which  the  irregular  disturbances  depend,  that  our 
hope  of  advantage  from  further  observation  consists, — our  conviction  b^ing 
that,  without  special  observations  at  well-selected  stations  (selected,  that 
is,  with  a  view  to  these  objects),  there  is  little  or  no  prospect  of  further  pro- 
gress. The  general  character  of  the  magnetic  phenomena  may  be  con- 
sidered as  secured  from  loss ;  but  the  great  problem  remains  unresolved  ; 
the  lociil  influences  are  yet  to  trace ;  and  the  only  means  of  tracing  them  must 
consist  in  varying  the  position  of  our  stations  so  as  to  embrace  great  dif- 
ferences in  geographical  situation,  and  in  conformity  with  such  -  indications 
as  can  be  gathered  from  our  present  experience.  The  magnetic  establish- 
ments permanently  existing  in  Europe  and  America  are  confessedly  inade- 
quate to  afford  the  requisite  information.  The  stations  which  have  occurred 
to  your  Committee  as  most  eligible  would  be  Vancouver  Island,  New- 
foundland, the  Falkland  Isles,  Bermuda,  Ceylon,  Shanghai  or  some  locality 
in  China,  and  Mauritius;  but  they  are  fully  aware  that  to  demand  from 
the  national  purse  the  institution  of  observations  at  all  these  points, 
would  be  more  than  is  warranted  by  any  pressing  necessity,  and  ought 
therefore  not  to  be  insisted  on.  Among  them,  the  principal  in  point  of 
interest  (for  reasons  which  will  be  presently  mentioned)  are  Vancouver 
Island,  Newfoundland,  the  Falkland  |sles,  and  Pekin  or  some  near  adjacenl 
Chinese  station,  such  as  Shanghai ;  and  the  Committee  consider  that  much 
valuable  information  would  accrue  from  observations  sufficiently  prolonged  at 
these,  to  which,  therefore,  they  would  be  understood  to  limit  their  recom- 
mendation. In  regard  to  the  length  of  time  over  which  they  would  desire  to 
see  the  observations  extended,  they  consider  five  years  (being  about  half  the 
solar  period,  and  being  also  sufficient  to  give  a  fair  grasp  of  the  secular 
change  of  the  magnetic  elements)  as  a  period  both  in  consonance  with  that 
which  has  been  accorded  on  former  occasions,  and  in  some  sort  designated 
by  the  nature  of  the  case. 

The  reasons  which  induce  them  to  give  a  preference  to  these  over  the  rest 
of  the  stations  enumerated  are  as  follows: — Between  Toronto  and  Point 
Barrow  the  difference  of  the  epochal  hours  of  the  irregular  diurnal  fluctua- 
tions is  such  as  to  amount  to  a  complete  opposition  of  phases,-— a  circumstance 
which  goes  far  to  point  out  the  latter  station  as  being  in  the  immediate  neigh- 
bourhood of  the  origin  of  those  irregular  disturbances.  Should  observations 
be  established  at  the  two  stations  now  proposed,  there  is  every  reason  to  hope, 
as  wiH  appear  from  a  document  drawn  up  at  the  request  of  the  Committee 
by  General  Sabine,  and  with  his  permission  appended  to  this  Report,  that  the 
observations  at  Toronto,  which  have  been  partially  re-established  since  1 855, 
would,  with  a  view  to  cooperation  for  this  especial  purpose,  be  wholly  resumed 
on  a  fitting  application  to  the  Colonial  legislature^  And  in  additibri  to  this^, 
should  an  application  made  to  the  Norwegian  Government  for  the  esta- 
blishment, daring  the  same  period,  of  an  observatory  at  the  North  Cape  prove 
successful  (which  there  is  every  reason  to  hope,  such  an  application  made  on 
•^     ■"  •'  -  .  '    ■■   ■   -  •---•.-■       .     '■    •    -  :  ^x2  ••••  •^■'• 
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a  former  occasion  having  been  well  received  and  having  uUiniatdy  failed 
owing  only  to  a  want  of  attention  to  some  point  of  diplomatic  form  in  its  mode 
of  communication),  we  should  then  have  a  chain  of  stations  in  high  northern 
latitudes,  the  results  obtained  at  which,  being  severally  brought  into  com- 
parison with  those  already  procured  at  Point  Barrow,  and  with  each  other, 
could  hardly  fail  of  bringing  out  some  very  positive  conclusion. 

As  regards  the  proposal  for  a  station  at  the  Falkland  Isles,  it  is  presumed, 
from  the  general  course  of  the  magnetic  line  of  minimum  intensity,  that  this 
station  will  prove,  in  analogy  to  the  Cnpe  of  Good  Hope,  and  in  contrast  with 
the  northern  stations  recommended,  to  have  the  character  of  an  equatorial,  or 
approximate  equatorial  station  ;  and  in  respect  to  that  proposed  in  China,  that 
it  will  complete  and  carry  round  the  globe  the  chain  of  northern  middle-lati- 
tude stations, — the  intermediate  links  being  supplied  by  the  Russian  observa- 
tories, and  by  those  which  it  is  hoped  may  be  established  at  the  North  Cape  and 
at  Vancouver  Island.  As  regards  the  Falkland  Isles  and  Newfoundland,  it 
should  be  noticed  that  there  exist  considerable  facilities  and  conveniences  for 
the  comfortable  establishment  of  an  observatory  there;  and  in  respect  of  the 
other  two,  it  may  be  remarked  that  they  arc  both  points  of  great  present 
interest,  and  that  a  determination  of  the  meteorological  as  well  as  magnetic 
peculiarities  of  both  would  be  important.  The  affections  of  a  telegraphic 
wire  by  electric  discharges  in  the  nature  of  Aurora  Borealis  have  alreadj 
attracted  attention,  and  produced  confusion  in  the  ordinary  use  of  such  wires, 
and  constitute  one  of  the  motives  for  inquiry  into  the  nature  and  laws  of  the 
so-called  magnetic  storms.  It  may  also  be  observed  that,  in  reference  to 
the  anomalistic  equation  of  the  sun's  magnetic  intensity,  or  the  effect  of  its 
annual  approach  and  recess  due  to  the  ellipticity  of  the  earth's  orbit,  the 
influence  of  local  temperature  upon  the  observations  requires  to  be  elimi- 
nated, in  order  to  bring  this  effect  into  evidence,  by  a  combination  of  the 
results  obtained  at  stations  whose  seasons  are  opposite. 

In  reference  to  the  important  consideration  of  keeping  down  as  much  as 
possible  the  outlay  consequent  on  the  establishment  of  these  observatories, 
your  Committee  have  given  attention  to  the  question  whether  it  be  desirable 
to  continue,  as  heretofore,  the  printing  of  the  observations  in  extenao — a 
measure  resulting  in  the  production  of  vast  and  costly  volumes,  and  entailing 
a  great  amount  of  laborious  superintendence.  They  consider  that,  the  form 
of  the  observations  remaining  unaltered,  and  the  principles  of  their  reduction 
being  now  rendered  familiar,  this  would  not  be  necessary,  provided  tbe 
original  observations  were  registered  in  triplicate,  and  the  copies  separately 
deposited  in  different  and  secure  custody  for  preservation  and  occasional 
reference  when  required,  and  provided  that  sufficient  and  well-digested 
abstracts  of  their  reduced  results  were  published.  One  series  of  observations, 
however,  they  consider  must  be  excepted  from  this  alteration  of  system : — 
those  of  a  continuous  nature,  made  on  term  days,  four  of  which  per  annom 
they  desire  to  see  still  kept  up ;  and  those  taken  on  occasions  of  magnetic 
storms,  when  continuous  observation  is  substituted  for  that  on  the  regular 
hourly  intervals :  for  the  treatment  of  such  observations  it  still  a  matter  of 
scientific  inquiry ;  and  to  render  them  available  in  comparison  with  othcfs, 
the  complete  register  is  indispensable. 

Your  Committee  cannot  but  contemplate  a  revival  of  active  interest  and 
cooperative  participation  in  the  system  of  observation,  on  the  part  of  our 
Colonial  and  of  Foreign  Governments,  when  once  it  shall  become  known 
that  the  subject  is  resumed  by  our  own  Home  Government  in  the  manner 
recommended.  On  this  subject  they  beg  to  refer  to  Gen.  Sabine's  reply  to 
their  inquiries,  already  alluded  to,  which  places  in  a  distinct  point  of  view 
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the  expectations  which  may  justly  be  indulged  on  that  score  In  reference, 
moreover,  to  the  personal  and  material  establishment  at  each  of  the  Govern- 
ment observatories,  this  document  contains  a  summary  of  what  is  needed, 
and  of  what  ought  to  be  applied  for. 

And  this  leads  your  Committee  to  a  point  which  they  consider  of  such 
importance  to  the  success  of  the  whole  proceeding,  that  they  cannot  help 
embodying  their  opinion  on  it  in  this  Report.  It  is  of  little  avail  to  accu- 
mulate observations  unless  their  effective  and  complete  reduction  be  provided 
for,  and  the  a^^surance  obtained  that  when  reduced  they  will  undergo  such 
discussion  and  scientific  treatment  as  shall  elicit  from  them  the  laws  of  the 
phenomena  of  which  they  are  the  records.  The  zeal  and  ability  with  which 
the  present  Superintendent  of  the  Government  Magnetic  and  Meteorological 
Observatories  has  hitherto  executed  this  task,  if  extended  to  the  new  series 
Dow  called  for,  would  afford  that  assurance  in  its  fullest  extent ;  and  they 
earnestly  trust  that  this  will  not  be  lost  sight  of  in  the  arrangements  to  be 
made  in  carrying  out  their  proposals,  if  adopted. 

There  is  another  point  to  which  your  Committee  consider  their  attention 
ought  to  be  paid  simultaneously  with  the  establishment  of  the  proposed  ob- 
servatories : — it  is  that  of  the  extension  of  Magnetic  Surveys  of  the  districts 
in  their  immediate  neighbourhood,  with  a  view  to  fixing  the  situation  and 
direction  of  the  iso-ma<(netic  curves  within  some  considerable  adjoining 
area  (in  the  case  of  the  Falkland  Isles,  that  of  the  whole  group). 

On  this  point  the  following  remarks  by  General  Sabine,  in  a  communica- 
tion addressed  by  him  to  us  in  reply  to  certain  inquiries  which  we  considered 
it  right  to  make  of  him,  are,  in  the  opinion  of  your  Committee,  conclusive  in 
deciding  them  to  recommend  that  provision  be  also  made  for  the  execution 
of  such  surveys,  collaterally  with  the  observations  at  the  fixed  stations. 

"  Recent  observations  in  North  America,  discussed  in  the  proceedings  of 
the  Royal  Society  for  January  7th,  1858,  have  made  known  that  the  general 
movement  of  translation  of  the  isoclinal  and  isogonic  lines,  which  from  the 
earliest  observations  have  been  progressing  from  West  to  East,  has  within  a 
few  years  reached  its  extreme  eastern  oscillation,  and  that  the  movement  in 
the  reverse  direction  has  already  commenced ;  we  live  therefore  at  an  epoch 
in  the  history  of  terrestrial  magnetism  which  we  have  reason  to  believe  will 
be  regarded  hereafter — when  theory  shall  have  more  advanced — as  a  highly 
important  and  critical  epoch.  The  geographical  position  of  the  maximum 
force  in  the  Northern  Hemisphere  appears  to  have  reached  its  extreme 
easterly  elongation,  and  from  this  time  forth  may  be  expected  to  move  for 
many  years  to  come  towards  the  meridian  which  it  occupied  in  Halley's  time, 
accompanied  by  a  corresponding  change  in  the  positions  and  forms  of  the 
isodynamic,  isoclinal,  and  isogonic  lines  in  North  America ;  a  careful  de- 
termination of  the  absolute  values  and  present  secular  change  of  the  three 
dements  at  this  critical  theoretical  epoch,  at  stations  situated  at  either  side 
of  the  American  continent,  and  nearly  in  the  geographical  latitude  of  the 
maximum  of  the  force,  would  furnish  therefore  data  for  posterity,  of  the 
value  of  which  we  may  have  a  very  inadequate  appreciation  at  present.  I 
may  refer  to  the  discussion  prefixed  to  the  third  volume  of  the  Toronto  Ob- 
servations^  to  show  that  the  means  and  methods  with  which  we  are  conversant 
are  adequate  for  the  purpose,  and  I  may  indicate  Vancouver  Island  and 
Newfoundland  as  colonies  well  suited  for  establishments  of  the  same  nature 
as  those  of  which  the  efiiciency  has  been  proved." 

As  regards  the  instrumental  means  to  be  employed,  the  Committee  believe 
that  the  consideration  of  the  subject  would  be  more  fitly  undertaken  by  the 
Royal  Sodetyi  who  will  probably  think  it  right  to  appoint  a  special  committee. 
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^  was  done  on  the  former  occasion,  to  consider  it  maturely,  and  to  report 
upon  it.  Well  as,  in  general,  the  instruments  employed  in  the  British  colonial 
observatories  have  performed,  it  may  be  desirable  to  consider  whether  they 
could  not  be  improved,  by  diminishing  considerably  the  size  of  the  magnetic 
bars  employed.  Small  bars  indicate  more  certainly  the  rapid  magnetic 
changes ;  they  may  be  hardened  more  perfectly,  and  therefore  vary  less  in 
their  magnetic  condition  with  changes  of  temperature  ;  they  admit  of  more 
perfect  protection  from  the  effects  of  disturbing  aerial  currents ;  and  finally, 
the  instruments  may  be  constructed  at  less  expense,  and  may  be  grouped 
together  in  a  smaller  and  less  costly  building. 

The  joint  committee  therefore  have  finally  agreed  to  the  following  resolu- 
tions, which  they  submit  for  approval  to  their  respective  appointing  bodies  :— 

1.  That  it  is  highly  desirable  that  a  series  of  magnetical  and  meteorological 
observations,  on  the  same  plan  as  those  which  have  been  already  carried  on 
in  the  colonial  observatories  for  that  purpose,  under  the  direction  of  H.M. 
Board  of  Ordnance,  be  obtained,  to  extend  over  a  period  of  not  more  than 
five  years,  at  the  following  stations  : — 

1.  Vancouver  Island. 

2.  Newfoundland. 

3.  The  Falkland  Isles. 

4.  Pekin,  or  some  near  adjacent  station. 

2.  That  an  application  be  made  to  her  Majesty*s  Government,  to  obtain 
the  establishment  of  observatories  at  these  stations  for  the  above-mentioned 
term,  on  a  personal  and  material  footing,  and  under  the  same  superintendence, 
as  in  the  observatories  (now  discontinued)  at  Toronto,  St.  Helena,  and  Van 
piemen  Island. 

'S.  That  the  observations  at  the  observatories  now  recommended  should  be 
comparable  with  and  in  continuation  of  those  made  at  the  last-nanied  obser- 
vatories, including  four  days  of  term-observations  annually. 

4.  That  provision  be  also  requested  at  the  hands  of  Her  Majesty's  Govern- 
ment, for  the  execution,  within  the  period  embraced  by  the  observation's,  of 
magnetic  surveys  in  the  districts  immediately  adjacent  to  those  stations — vit. 
of  the  whole  of  Vancouver  Island  and  the  shores  of  the  strait  separating 
it  from  the  main  land,  of  the  Falkland  Isles,  and  of  the  immediate  neigh- 
bourhood of  the  Chinese  observatory  (if  practicable)  wherever  situated — on 
the  plan  of  the  surveys  already  executed  in  the  British  possessions  in  North 
America  and  in  the  Indian  Archipelago. 

5.  That  a  sum  of  £350  per  annum,  during  the  continuance  of  the  obser- 
vations, be  placed  by  Government  at  the  disposal  of  the  General  Superin- 
tendent, for  the  purpose  of  procuring  a  special  and  scientific  veriiicatJOti  and 
exact  correspondence  of  the  magnetical  and  meteorological  instruments,  both 
of  those  which  shall  be  furnished  to  the  several  observatories  and  of  those 
which,  during  the  continuance  of  the  observations  for  the  period  in  question, 
shall  be  brought  into  comparison  with  them  either  at  Foreign  or  Colonial 
stations. 

6.  That  the  printing  of  the  observations  in  extenso  be  discontinued,  but 
that  provision  be  made  for  their  printing  in  abstract,  with  discussion,  but  that 
the  term-observations,  and  those  to  be  made  on  the  occurrence  of  magnetic 
storms,  be  still  printed  in  extenso ;  and  that  the  registry  of  the  observations 
be  made  in  triplicate — one  copy  to  be  preserved  in  the  oftice  of  the  General 
Superintendent,  one  to  be  presented  to  the  Royal  Society,  and  one  to  the 
Ro\*al  Observatory  at  Greenwich,  for  conservation  and  future  reference. 

7.  That  measures  be  adopted  for  taking  advantage  of  whatever  disposition 
may  exist  ont  he  part  of  our  Colonial  Governments  to  establish  observatories 
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of  the  same  kind,  or  otherwise  to  co-operate  with  the  proposed  system  of 
observation.  '  * 

8.  That  in  placing  these  resolutions  and  the  report  of  the  Committee  before 
the  President  and  Council  of  the  Royal  Society,  the  continued  co-operation  of 
that  Society  be  requested  in  whatever  ulterior  measures  may  be  requisite. 

9.  That  the  President  of  the  British  Association  be  requested  to  adt  in 
conjunction  with  the  President  of  the  Royal  Society,  and  with  the  members 
of  the  two  Committees,  in  any  steps  which  may  appear  necessary  for  the 
accomplishment  of  the  objects  above  stated. 

101  That  an  early  communication  be  made  of  this  procedure  to  His  Royal 
Highness  the  Prince  Consort,  the  President  elect  of  the  British  Association 
for  the  ensuing  year.  *^ 

Appendix* 
Letter  from  General  Sabine  to  Sir  J[ohn  Her^heU 

8t  Leonard's,  Jane  26th,  1868. 
My  dear  Sir, 

You  wish  me  to  state  for  the  consideration  of  the  Committee 
what  specific  measures  for  thb  continuance  and  extension  of  magnetical  re* 
searches  appear  to  me  suitable  to  the  present  state  of  tha|  branch  of  science, 
&nd  at  the  same  time  sufficiently  mo(krate  and  reasonable  to  justify  the  ex- 
pectation that  the  portion  of  them  which  requires  it  may  receive  the  sanction 
of  Her  Majesty's  Government 

For  this  purpose  it  may  be  convenient  to  divide  the  subject  generally 
under  three  hesMls,  and  to  consider  separately  what  may  be  expected, 
1st  From  our  own  Government ; 
2nd.  From  our  own  Colonies ; 
Srd.  From  foreign  Countries. 
1st  From  otfr  own  OovemmenL 

The  establishment,  for  a  limited  period,  of  Observatories  in  the  three 
colonies, 

Vancouver  Island, 
Newfoundland, 
The  Falkland  Islands, 
on  a  nmilar  plan  to  those  which  were  established  at  Toronto,  8t  Helena, 
and  Hobartoii,  ahd  which  have  now  ceased,  having  accomplished  their  objects. 
The  **  personnel  *"  at  each  of  these  three  obsehratories  to  consist  of  an  officer, 
four  non-commissioned  officers,  and  one  private,  either  of  the  Anillery  or  of 
tjie  Engineers,  with  the  same  extra  pay  and  allowance  for  incidentals  bs  was 
the  case  in  the  observatories  which  have  terminated.  The  instruments,  both 
absolute  and  diffbrential,  to  be  of  the  same  description  as  before,  with  of 
course  such  modifications  and  improvements  as  experience  has  suggested. 
The  itistruments  t6  be  prepared  at  Kew,  and  the  directors  of  the  three 
observatories  to  be  instructed  there.  The  system  of  observation  to  be  hourly, 
Sundays,  Christmas-days,  and  Good  Fridays  excepted.  The  time  to  be  em- 
ployed to  be  mean  astronomical  time  at  the  station,  both  for  magnetism  and 
meteotology.  The  observatofies  to  be  maintained  until  five  complete  years 
of  observation  are  obtained.  The  number  of  term-days  in  eaeh  year  to  Be 
reduced  from'  twdve  to  four. 

The  public  departments  whose  sanction  will  be  required  are,  the  Treasury 
for  the  Expense,  and  the  Qeneral  Commanding  in  Chief  for  the  selection  and 
appointment  of  the  officers  and'  non-commisdoned  officers.    In  addition  to 

tlk^'  ofllk)er  fbr  each  observatpry,  a  fourth  officer  will  be  required  as  an  assistant 

. ,.     I  <  .....       ^  '  , .       •  .  .      .  -        'fit 
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to  the  general  Superintendent,  in  carrying  on,  under  his  direction,  thedetaib 
of  correspondence  with  the  observatories.  Total,  four  officers,  twelve  non- 
commissioned officers,  and  three  privates. 

2nd.   With  reference  to  our  awn  Colonies. 

As  soon  as  the  sanction  of  Government  has  been  obtained  for  the  observa- 
tories already  named,  the  governors  of  British  Guiana,  Mauritius,  and  Mel- 
bourne may  be  written  to,  suggesting  that  a  communication  should  be  ad- 
dressed from  each  of  those  colonies  to  the  Secretary  of  State  for  the  Colonies, 
expressing  the  desire  which  is  felt  in  the  colony  to  participate  in  the  proposed 
systematic  researches,  stating  what  facilities  can  be  afforded,  and  what  portion 
oY  the  expense  can  be  borne  by  the  colony  itself,  and  requesting  to  be  placed 
in  official  communication  with  some  suitable  authority  for  the  preparation  of 
instruments,  and  for  furnishing  such  instruction  and  advice  as  may  be 
required. 

The  accompanying  letter  from  Lieutenant-Governor  Walker,  of  British 
Guiana,  to  Mr.  Sandeman  (which  has  been  just  forwarded  to  me),  will  show 
how  ready  that  colony  is  to  take  its  part,  and  that  it  waits  only  for  that 
measure  of  countenance  and  encouragement  which  it  reasonably  expects,  and 
ought  to  receive,  from  the  mother  country.  At  Mauritius,  a  Meteorological 
Society  formed  by  the  colonists  themselves  is  most  actively  and  usefully 
employed  in  tracing  out,  by  means  of  the  logs  of  merchant  vessels,  the  phse- 
nomena  of  the  storms  by  which  navigation  in  that  vicinity  is  troubled,  and 
is  making  most  pressing  appeals  for  an  authorization  which  should  enable 
them  to  add  researches  in  magnetism  to  those  in  meteorology, — having  on  the 
spot,  in  Captain  Fyers  of  thelloyal  Engineers,  a  person  who  would  make  an 
admirable  director  of  such  an  establishment.  At  Melbourne,  a  proposition 
for  a  magnetic  observatory  and  survey  is  now  before  the  local  government ; 
means  are  abundant,  but  instruments  and  direction  are  wanting.  Mr.  Jeffery, 
so  well  trained  in  the  Hobarton  obser\*atory,  is  in  that  country,  and  is  deahroua 
of  such  employment,  as  M.  Neumayer  is  of  being  engaged  in  the  survey. 
Melbourne  would  be  a  most  important  station  for  a  magnetic  observatory,  as 
we  might  expect  from  it  the  veri6cation  or  otherwise  of  the  increase  in  the 
magnetism  of  the  earth,  at  the  period  of  the  year  when  she  makes  her  nearest 
approach  to  the  sun. 

Other  Colonies  might  follow  the  example ;  but  in  regard  to  these  three  we 
are  justified  in  expecting  that,  with  suitable  measures  of  encouragement, 
we  should  have  thoroughly  efficient  establishments,  carrying  out  the  system 
of  observation  in  its  completeness. 

3rd.  With  reference  to  foreign  countries. 

A  proposition  has  recently  been  made  to  the  Netherlands'  Government,  by 
Dr.  Buys  Ballot  (who  fills  the  same  official  position  in  Holland  that  Admiral 
FitzRoy  does  in  this  country),  for  the  establbhment  of  a  magnetic  observa- 
tory in  the  Dutch  Colony  of  Batavia ;  and  Dr.  Buys  Ballot  has  written  to 
inquire  whether,  in  the  event  of  the  proposition  being  acceded  to»two  sets  of 
instruments,  one  for  Batavia  and  the  other  for  Utrecht,  could  be  prepared  at 
Kew.  An  intimation  that  the  British  Government  was  about  to  resume  and 
extend  its  magnetical  researches  might  be  expected  to  have  a  favourable  in- 
fluence on  the  success  of  Dr.  Buys  Plot's  proposition,  and  mieht  also  lead  to 
the  adoption  of  our  colonial  system  of  observation  in  its  full  extent  at  the 
Batavian  observatory. 

The  importance  of  the  North  Cape  of  Europe  as  a  magnetical  station, 
especially  with  reference  to  the  connexion  between  the  Aurora  and  the  mag- 
netic disturbances,  has  already  been  noticed  in  a  preceding  letter  from  me  (that 
of  May  IS).    The  instruments  which  were  prepared  some  years  ago  at  Uie  ez- 
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pense  of  the  Hoyal  Society,  and  were  intended  to  be  presented  to  the  obsenra* 
tory  at  the  North  Cape  (should  one  be  established  there  by  the  Norwegian 
Goremment),  are  still  in  existence,  and  with  a  few  modifications  might  be 
applied  to  their  original  purpose.  The  re-establishment  of  magnetic  ol^erva- 
tories  in  the  British  Colonies  might  furnish  a  favourable  occasion  for  reviving, 
in  concert  wiih  M.  Hansteen,  a  proposition  for  an  observatory  at  the  North 
Cape,  which  seems  to  have  failed  on  the  former  occasion  rather  from  an 
accident  than  from  any  real  difficulty  in  the  matter  itself. 

M.  Secchi,  of  the  Observatory  of  the  CoUegio  Romano,  at  Rome,  has 
recently  been  supplied  from  Kew,  at  the  expense  of  the  Papal  Government, 
with  a  complete  equipment  of  magnetical  instruments,  similar  to  those  which 
have  done  such  good  work  in  the  British  Colonial  establishments.  With  the 
encouragement  derived  from  the  revival  of  active  measures  here,  M.  Secchi 
might  hope  to  obtain  the  aid  which  he  desires,  in  the  way  of  temporary 
assistance,  to  enable  him  to  carry  out  the  complete  system  of  observation  for 
which  he  is  already  provided  with  the  instrumental  means. 

The  concert  which  has  prevailed  between  Russia  and  England  in  magnetic 
operations  gives  reason  to  hope  that  renewed  activity  here  might  so  far 
strengthen  M.  Kupffer's  hands  as  to  enable  him  to  carry  out  efficiently  the 
hourly  system  of  the  tliree  elements,  at  one  at  least  of  the  stations  in  Eastern 
Siberia,  the  probable  importance  of  which  can  scarcely  be  overrated. 

A  meteorological  observatory  has  recently  been  instituted  at  Havana ;  and 
the  director,  M.  Poey,  has  proposed  to  the  Cuban  authorities  the  purchase 
of  magnetical  instruments,  to  be  prepared  at  Kew,  and  a  sufficient  increase  of 
assistants  to  provide  for  observations  to  be  made  with  thenu  M.  Poey  is 
active  and  intelligent,  and  has  recently  vbited  the  principal  magnetic  institu- 
tions in  Europe.  He  would  not  fail  to  avail  himself  of  the  support  which 
his  proposition  would  derive  from  the  measures  which  might  be  taken  here. 

The  Regents  of  the  Smithsonian  Institution  at  Washington  have  agreed  to 
allot  a  portion  of  their  funds  to  a  magnetic  observatory ;  but  neiUier  the 
instruments  nor  the  system  of  observation  have  yet  been  determined :  their 
decision  might  probably  be  hastened  by  the  knowledge  that  active  measures 
are  iu  progress  here. 

Viewing  the  necessity  of  resorting  to  means  of  securing  and  ascertaining  a 
precise  correspondence  between  the  magnetical  and  meteorological  instrumental 
which  may  come  to  be  used  in  these  operations,  or  in  cooperation  with  them  in 
other  quarters,  as  well  as  their  exact  and  scientific  adjustment,  as  abo  of  se* 
curing  a  self-registered  series  of  photographic  delineations  of  the  solar  spots 
during  their  continuance,  it  is  proposed  that,  during  the  continuance  of  the 
observatories,  an  annual  sum,  not  exceeding  £S50,  should  be  taken  on  the 
estimate,  and  placed  at  the  disposal  of  the  general  Superintendent  for  these 
purposes. 

There  is  a  point  referred  to  in  a  former  letter  which  will  require  the  atten- 
tion of  the  Committee :  it  is  the  question  whether  the  observations  of  the 
proposed  observatories  should  be  printed  in  exienso,  or  in  abstract  accom- 
panied by  a  discussion  of  the  principal  results. 
I  remain, 

My  dear  Sir, 

Faithfully  yours, 

EDWARD  SABINE. 

Sir  John  fferschel,  Bart. 
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HeMcripiion  of  a  8eif-recordmg  Anemometer.    By  B.  Bbcklby, 
Assistant  at  the  Kew  Observatory  of  the  British  Association, 

In  all  caaes  in  which  the  system  of  hemispherical  cupa  (devised  by  Dr. 
Jlobioson  as  a  measurer  of  the  velocity  of  the  wind)  has  been  ased,  the 
direction-apparatus  has  required  a  dbtinct  support  on  the  exterior  of  the 
building.  In  my  arrangement,  a  cast-iron  tubular  support  (fig.  1,  Plate  XIX.) 
carries  the  whole  of  the  external  parts  of  the  instrument^  which  can  be  easily 
adapted  to  any  form  of  building  upon  which  it  is  desirable  to  mount  it. 

The  general  arrangement  will  be  better  understood  by  reference  to 
fig.  Sy  Pl.  XIX.,  showing  the  same  in  section. 

Upon  the  wind  moving  the  cups,  motion  is  given  to  the  tubular  shaft 
a  a  a,  the  lower  end  of  which  is  provided  with  an  endless  screw  q^  that  worka 
into  ^e  worm-wheel  a,  fig.  1>  PI.  XX.:  thence  motion  is  communicated  to 
ihe  registering  pencil  A. 

The^an  or  windmUt  governor  was  first  used  by  Mr.  Osier  for  indicatiog 
the  direction  of  the  wind,  owing  to  its  steadiness  cotnpared  to  a  vane.  I 
have  therefore  adopted  it,  but  use  two,  D,  D,  fig.  2,  Pl.  XIX.,  fixed  direcUy 
pn  to  the  worm-spindle  A,  working  into  Ae  fixed  wheel  B ;  by  this  arrange- 
ment a  countershaft  is  dispensed  with.  The  bearings  of  the  worm  spindle 
A  run  upon  four  rollers,  n^n^n^n^  fig.  3,  Pl.  XIX.,  contained  in  the  boxes  c,  c, 
%.  %  PI.  XIX.    A  section  of  the  box  and  rollers  is  shown  at  fig.  4,  Pl.  XIX. 

The  action  of  the  fans  is  to  keep  their  axis  at  right  angles  to  the  diieetioa 
of  the  widd ;  any  change  taking  place,  they  right  themselves,  carrying  with 
them  the  outer  brass  tube  b  b,  fig.  3,  Pl.  XIX.,  which  is  screwed  to  a  long 
tubular  fitting  of  cast  Iron,  e  e,  the  top  of  wUch  is  formed  to  receive  the 
lriction-bal|s  ty  ^  and  with  a  shoulder  which  bears  upon  the  friction- 
balls  u,  u.  To  the  lower  end  of  this  fitting  is  fastened  the  necessary  length 
of  brass  tubing,  g  ^,  completing  the  direction-shaft,  on  the  lower  end  of 
which  is  a  mit^e  wheel,  c,  fig  2,  Pl.  XX. 

The  method  of  registration  consists  in  using  De  la  Rue's  metallic  paper, 
this  paper  having  the  property  of  receiving  a  trace  from  a  brass  pencil; 
Pencils  can  therefore  be  made  of  any  form  desired. 

In  the  first  instrument  made  by  Mr.  Adie,  of  395  Strand,  from  my 
drawings,  the  velocity  is  registered  by  motion  being  given  to  the  segment  of 
teeth  A,  fig*  4,  Pl.  XX.,  taking  into  two  racks,  B,  B,  alternately,  each  traverse 
being  equal  to  fifty  miles  of  horizontal  movement  of  the  air,,  the  pencil  being 
inserted  in  the  eye  C ;  and  the  direction  of  the  wind  is  registered  by  a  spiral, 
of  such  a  figure  that  equal  angles  correspond  to  equal  increments  6f  arc  D, 
fig.  4,  Pl.  XX.,  which  Is  in  fact  a  screw  upon  a  plane,  on  the  edge  of  which  is 
screwed  a  thin  strip  of  brass,  £.  This,  being  kept  against  the  paper  by  a 
spring,  forms  the  direction-pencil. 

In  Uie  instruments  recently  made,  I  have  placed  the  strip  of  brass  or  pencil 
round  the  cylinders  A  and  B,  fig.  2,  Pl.  XX.,  making  a  very  thin-threaded 
screw,— the  advantages  of  such  an  alteration  being  that  the  point  of  contact 
of  two  cylinders  is  less  than  in  the  case  of  a  cylinder  and  a  plane,  and 
then  requires  no  spring  or  appliances  to  keep  them  up  to  their  work. 

In  reference  to  the  figures  1, 2,  and  3,  Pl.  XX. — The  worm-wheel  a,  fig.  1, 
is  moved  one  tooth  by  each  revolution  of  the  hemispherical  cups,  and  is  pro- 
vided with  such  a  number  of  teeth  that  one  whole  turn  is  equal  to  one  mile 
of  movement  of  the  air.  On  the  same  axis  is  a  mitre  wheel,  e,  working  into 
its  fellow,  6,  fixed  on  and  giving  motion  to  the  inclined  worm  shaft  fi 
which  works  into  the  worm  wheels,  having  fifty  teeth,  one  whole  turn  being 
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equal  to  fifty  miles  of  wind.  On  the  same  fitting,  and  moving  with  it,  is  the 
wheel  t,  working  into  its  fellow y,  which  is  fixed  on  and  gives  motion  to  the 
axis  of  the  screw-pencil  cylinder  A :  these  wheels  are  kept  in  gear  by  the 
radial  arms  o,  o.  The  pitch  of  screw  for  the  velocity-pencil  is  equal  to  a 
scale  of  fifty  miles  upon  the  paper  on  the  cylinder  C.  By  this  method  I  get 
a  very  open  scale  within  a  small  space. 

Any  change  in  the  direction  of  the  wind  is  communicated  to  the  mitre 
wheels  c,  c,  fig.  2,  PI.  XX.,  fixed  to  the  shaft  K,  on  the  other  end  of  which  is 
the  wheel  /;  from  this,  by  two  others,  m,  m',  a  corresponding  motion  is  given 
to  the  wheel  n,  fixed  on  the  axis  of  the  screw-pencil  cylinder  B.  I  found  it 
better  to  introduce  the  small  wheels  f»,  m,  running  on  studs  in  the  shifting  arm 
P,  for  the  direction-pencil,  as  the  motion  is  variable.  The  pitch  of  the  screw  is 
equal  to  a  scale  of  the  cardinal  points  of  the  compass  upon  the  paper. 

While  these  pencils  are  being  acted  upon  by  the  wind,  the  clock  gives  a 
uniform  motion  of  ^  in.  per  hour  to  the  cylinder  C,  upon  which  the  paper  is 
fastened, — in  connexion  with  which  I  beg  to  say  that,  as  the  clock  must  be 
wound  up  daily,  and  as  the  time  occupied  in  changing  the  paper  is  not 
more  than  two  or  three  minutes,  I  think  it  better  to  do  so  than  to  have  a 
continuous  roll  of  paper  lasting  many  days,  which  certainly  is  not  so  conve- 
nient for  reference  as  the  daily  record  of  12  inches  by  8  inches. 

By  using  the  spiral  form  of  pencil,  I  overcome  the  trouble  attending  the 
old  method,  viz.  the  pencil  shifting  ofi*  the  scale.  To  ensure  registration,  it  is 
usual  to  have  three  scales  upon  the  paper,  and  set  the  pencil  on  the  centre ; 
but  even  then,  should  the  wind  shift  twice  round  in  one  direction,  it  ceases  to 
indicate :  by  my  method  it  must  at  all  times  register  upon  the  one  scale. 
Fig.  5,  PI.  XX.,  is  a  copy  of  a  sheet  from  the  Kew  Observatory,  in  which  the 
advantage  is  evident 

In  conclusion,  I  would  suggest  that  as  the  pencils  are  kept  upon  the  paper 
by  their  own  gravity,  requiring  no  attention  and  being  as  long  as  the  trace 
they  make,  they  will  last  a  long  time.  The  space  required  for  the  instrument 
not  being  more  than  18  inches  x  8  inches,  I  should  recommend  its  being  placed 
upon  a  bracket  as  close  to  the  roof  of  the  building  as  convenient,  similar  to 
the  anemometer  at  Kew,  it  being  very  advantageous  to  keep  the  shaft  as  short 
as  possible. 
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quite  destitate  of  knowledge  of  their  laws  and  progress ;  for  when  an  unexpected 
stranger  of  this  class  blazes  forth  in  oar  sky  (as  is  the  case  at  this  moment),  as  soon 
as  he  has  shown  himself  for  a  few  days,  we  can  mark  the  path  which  he  will  follow, 
the  rate  at  which  he  will  travel,  and  in  a  great  degree  the  appearances  which  he  will 
assume.  And  even  objects  which  as  yet  are  still  more  lawless  and  perplexing  to  onr 
science  than  comets  are,  are  still  not  altogether  extraneous  to  the  domain  of  onr  know- 
ledge. There  is  a  class  of  such  objects  which  has  been  especially  attended  to  by  the 
British  Association.  This  is  the  subject  of  the  first  of  the  communications  which  are 
to  be  laid  before  this  Section  to-day  I  speak  of  Prof.  Powell's  '  Report  on  Luminous 
Meteors.'  These  objects,  falling  stars,  shooting  stars,  fiery  globes,  or  whatever  they 
may  be  commonly  called,  have  attracted  the  attention  of  this  Association  for  many 
years ;  and  the  Report  which  we  are  to  have  laid  before  us  to-day  is  the  continuation 
of  several  Reports  of  the  same  kind  prepared  by  the  same  gentleman  in  preceding 
years.  These  bodies,  as  I  have  said,  are  in  a  great  degree  irreducible  to  laws  and 
extraneous  to  our  science ;  yet  not  wholly  so.  We  have  speculations  of  recent  times 
by  some  of  our  most  eminent  philosophers,  in  which  these  bodies  play  an  important 
part.  Prof.  W.  Thomson  has  been  led,  by  his  mathematical  speculations  on  Heat, 
to  the  conclusion,  that  the  heat  of  the  sun  is  maintained  by  the  perpetual  falling  ut 
upon  his  surface  of  the  aboormal  bodies  moving  in  the  solar  system,  which  appear 
to  us  as  luminous  meteors  and  shooting-stars.  And  he  conceives  that  he  has  shown 
that  there  is  in  those  bodies  a  sufficient  supply  to  keep  up  the  heat  of  the  sun ;  and 
that,  by  the  effects  of  them,  the  sun  may  have  gone  on  radiating  heat  for  thousands 
and  thousands  of  years  without  the  smallest  diminution.  And  this,  again,  is  the 
result  of  profound  and  complex  mathematical  calculations, — so  wide  is  the  domain  of 
mathematical  reasoning,  and  so  necessary  is  it  in  any  line  of  speculation  in  which 
we  are  to  convert  our  ignorance  into  knowledge.  I  may  mention,  as  another  example 
of  this,  a  case  which  is  far  removed  from  the  vastness  of  astronomical  phenomena, — 
a  case  of  the  manifestation  of  mathematical  law  upon  a  scale  of  the  smallest  dimen- 
sions^  and  in  the  work  of  a  humble  insect.  I  speak  of  the  form  of  the  cells  of  bees  : 
a  mathematical  problem  which  already  attracted  the  attention  of  the  ancient  Greeks, 
and  which  has  been  the  subject  of  mathematical  investigation  by  several  of  the  most 
eminent  mathematicians  of  modern  times ; — the  most  eminent,  for  being  a  problem 
involving  the  properties  of  space  of  three  dimensions,  it  requires  considerable  powers 
of  mathematical  conception.  Upon  this  subject  two  communications  are  promised 
to  the  present  Meeting,  to  be  laid  either  before  this  Section  or  the  Section  of  Natural 
History.  And  in  order  further  to  exemplify  the  advantages  derived  from  the  action 
of  the  British  Association,  I  may  mention  another  report  upon  a  very  different  sub- 
ject, Mr.  Cayley's  '  Report  on  the  Progress  of  Theoretical  Dynamics.'  The  gene- 
rality, multiplicity,  and  complexity  of  the  recent  labours  of  analysts  in  this  depart- 
ment of  mathematics  have  been  so  great,  that  ordinary  mathematicians  cannot  hope 
to  follow  them  by  reading  the  original  memoirs ;  and  I  am  greatly  obliged,  as  one  of 
them,  to  Mr.  Cay  ley  for  enabling  us  compendiously  and  easily  to  understand  what 
has  been  done  and  now  it  has  been  done.  Perhaps,  after  all,  his  Report  is  not  so 
very  unlike  that  of  Prof.  Powell '  On  Luminous  Meteors ;'  for  the  original  researches 
of  the  great  analysts  who  have  treated  this  subject,  though  bright  and  objects  of  won- 
der, are  so  far  above  our  head  and  so  difficult  to  understand,  that  they  are  not  unlike 
the  things  tabulated  in  the  other  Report.  And  now,  having  explained  that  we  must 
often  be  necessarily  difficult  to  follow  in  this  Section,  I  must  ask  the  ladies  and  gen- 
tlemen here  present,  as  the  Spectator  asks  his  readers,  to  believe  that,  if  at  any  time 
we  are  very  dull,  we  have  a  design  in  it. 


On  a  General  Method  of  deriving  the  Properties  of  umbiliccU  surfaces  €f  the 
second  order ^  having  three  unequal  axes,  from  the  properties  of  the  sphere. 
By  the  Rev.  J.  Booth,  LL.D.,  F,R.S. 

The  author  called  the  attention  of  the  Section  to  the  researches  of  M.  Chasles  and 
other  French  geometers,  on  the  methods  of  deriving  the  properties  of  surfaces  of  re- 
volution from  those  of  the  sphere  by  the  method  of  "  Reciprocal  Polars,"  and  called 
attention  to  the  fact,  that  they  did  not  grapple  with  the  more  general  problem  when 
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the  three  axes  are  unequal.  Dr.  Booth  mentioaed  as  the  results  of  the  method  he 
developed,  that  every  umbilical  sur&ce  of  the  second  order  has  four  directrix  planes 
parallel  to  the  circular  sections  of  the  surface ;  that  these  directrix  planes — ^when  the 
Burface  is  an  ellipsoid — pass  two  by  two  through  the  directrices  of  the  principal  sec- 
tion, in  which  lie  the  greatest  and  mean  axes  $  that  every  such  surface  has  four  foci 
situate  two  by  two  on  the  umbilical  diameters ;  that  when  the  surface  is  an  oblate 
spheroid,  the  four  directrix  planes  are  reduced  to  two  parallel  to  the  equator ;  and 
he  concluded  by  showing  that  every  graphic  property  of  the  sphere  may  be  repro* 
duced  in  an  analogous  form  in  umbilical  surfaces  of  the  second  order  having  three 
unequal  axes.  

On  the  Mutual  Relatians  qfltwerge  Curves  and  Inverse  Curved  Surfaces, 
By  the  Rev.  J.  Booth,  LL.D,,  F.R.S. 

Inverse  curves  and  inverse  curved  surfaces  were  defined  as  curves  and  surfaces,  the 
product  of  whose  coincident  radii  vectores  is  constant ;  he  showed  that  the  tangents 
to  the  two  curves  are  equally  inclined  to  the  common  vectors ;  that  the  sum  of  the 
vectors  drawn  from  the  common  pole  to  the  two  inverse  points,  each  divided  by  its 
corresponding  cord  of  curvature  drawn  through  the  pole,  is  constant  and  equal  to 

unity ;  that  if  ii=-,  r  being  the  radius  vector  of  the  primitive  curve,  the  arc  of  the 

derived  curve  is  the  same  function  of  u  that  the  arc  of  the  original  curve  is  of  r.  He 
showed,  also,  that  the  element  of  the  arc  of  the  inverse  curve  represents  the  velocity 
of  a  planet  in  its  orbit  through  the  corresponding  element  of  its  orbit,  assumed  as 
the  primary  curve.  He  moreover  proved  that  the  circle  is  inverse  to  a  circle,  but 
when  the  pole  is  on  the  circumference  the  inverse  curve  is  a  right  line ;  that  when 
the  focus  of  a  parabola  is  the  pole,  the  inverse  curve  is  a  cardioid ;  but  that  when  the 
vertex  is  the  pole,  the  inverse  curve  is  the  cissoid ;  that  the  spiral  of  Archimedes  is 
inverse  to  the  hyperbolic  spiral,  while  the  logarithmic  spiral  is  inverse  to  itself.  He 
drew  attention  also  to  certain  curves  which  are  inverse  to  themselves,  pointed  out  the 
facilities  which  this  inverse  method  affords  of  passing  from  curves  of  the  second  order 
to  corresponding  properties  of  curves  of  the  higher  orders,  and  concluded  by  stating 
that  the  theory  would  be  fully  developed  in  the  forthcoming  Numbers  of  the 
*  Quarterly  Journal  of  Pure  and  Applied  Mathematics.' 


On  the  Notion  of  Distance  in  Analytical  Geom^ry, 
By  A.  Cayley,  F.R.S. 

The  author  remarks  that  the  principles  of  modern  geometry  show  that  any  metrical 
proposition  whatever  is  really  based  upon  a  purely  descriptive  proposition,  and  that 
these  principles  contain  in  fact  a  theory  of  distance ;  but  that  such  theory  has  not 
been  disengaged  from  its  applications  and  stated  in  a  distinct  and  explicit  form.  The 
paper  contains  an  account  of  the  theory  in  question,  viz.  it  is  shown  that  in  any 
system  of  geometry  of  two  dimensions,  the  notion  of  distance  can  be  arrived  at  from 
descriptive  principles  by  means  of  a  conic  termed  the  Absolute,  and  which  in  ordi- 
nary plane  geometry  degenerates  into  a  pair  of  points. 


On  Dr.  Wheweirs  Views  respecting  the  Nature  and  Value  of  Mathematical 
Definitions.     By  J.  Pope  Hemnbssy,  of  the  Inner  Temple. 

Having  briefly  referred  to  the  several  controversies  which  had  taken  place  on  this 
subject,  dke  author  remarked  that  the  question  at  issue  was  equally  interesting  to  two 
great  divisions  of  the  scientific  world — the  mathematical  and  the  metaphysical. 
That  question  is.  Are  the  deductions  of  mathematical  reasoning  absolute  truths,  or 
are  they  merely  hypothetical  ?  Against  the  form  of  the  reasoning  there  could  be  no 
objection.  It  was  that  of  the  ordinary  Sorites,  and  might,  with  a  little  labour,  be 
split  up  into  separate  syllogisms.  This  had,  in  fact,  been  done,  with  some  of  the 
books  of  Euclid,  by  two  foreign  mathematicians.  The  reasoning  process  then  being 
perfectly  sound,  the  absolute  truth  of  the  conclusion  must  depend  on  the  absolute 
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truth  of  the  first  premiss ;  in  other  words,  it  must  depend  on  the  nature  and  value 
of  the  definitions.  If,  as  had  often  been  asserted,  a  mathematical  definition  was 
merely  an  arbitrary  phrase  employed  to  prevent  useless  repetition,  it  would  be  value- 
less as  far  as  the  deduction  of  truth  was  concerned.  An  arbitrary  definition  never 
could  lead  to  absolute  truth.  But  if  the  definitions  were  not  merely  an  assumed 
form  of  words,  if,  as  Mr.  Hennessy  believed,  they  were  necessarily  involved  in  that 
fundamental  conception  under  which  the  mind  contemplates  the  foundations  of  geo- 
metry, — the  idea  of  space — then  the  conclusions  would  be,  in  every  sense  of  the  word, 
true.  There  were  two  ways  in  which  the  necessary  truth  of  the  definitions  might  be 
shown.  The  first,  and  by  far  the  most  important,  was  by  a  metaphysical  analysis. 
This  had  been  done  successfully  by  Dr.  Whewell.  The  second,  which  had  not 
hitherto  been  attempted,  was  by  a  careful  comparison  of  the  definitions  one  with 
another.  This  Mr.  Hennessy  then  proceeded  to  do.  Taking  the  earliest  examples 
with  which  we  are  acquainted,  he  showed  that  Euclid's  definition  of  a  right  line  and 
his  definition  of  a  plane  surface  had  the  same  differentia.  Plato's  definitions  bore 
a  similar  intimate  relation  to  each  other.  Hero's  definition  of  a  plane  surface,  and 
that  adopted  some  centuries  afterwards,  of  a  right  line,  were  also  similar.  He 
pointed  out  that  such  analogies  may  be  traced  throughout  the  whole  group  of  defi- 
nitions, in  which  not  only  Euclid's  Geometry,  but  any  mathematical  work  what* 
ever,  as  the  mathematical  Euclid,  for  example,  is  built  up.  Where  the  analogy  ap- 
pears to  fail,  it  will  be  found,  on  careful  examination,  that  it  only  makes  the  case 
still  stronger.  For  instattce,  Euclid's  definitions  of  a  circle  and  of  parallel  lines  ap- 
pear not  to  have  the  slightest  analogy.  This  is  readily  explained  by  the  fact  that  the 
latter  definition,  as  every  one  admits,  is  defective.  But  when  we  substitute  for  the 
defective  definition  one  which  is  sound  and  useful,  an  analogy  becomes  evident. 
Parallel  lines  may  properly  be  defined  to  be  two  right  lines,  the  perpendicular  di- 
stances between  which  are  all  equal.  A  definition  closely  resembling  this  had  been 
used  by  Boscovich  and  Wolfius.  From  it  every  property  of  parallels  may  be  easily 
deduced.  Euclid's  definition  of  a  circle  is,  a  continued  line  having  a  certain  point 
within  it  from  which  all  right  lines  drawn  to  the  continued  line  are  equal.  Now  all 
the  radii  of  the  circle  are  perpendicular  to  the  circumference ;  and  if  we  could  sup- 
pose one  line,  of  two  parallels,  to  become  a  point,  the  other  would  become  a  circle. 
The  close  analogy  between  the  definitions  of  these  two  important  conceptions  is 
thus  evident.  He  believed  also  that  these  definitions  contained  the  germs  of  all  the 
properties  subsequently  developed.  If  a  definition  were  not  a  necessary  truth,  but 
were  merely  an  arbitrary  form  of  words  employed  to  prevent  repetition,  such  analo- 
gies as  these  never  would  have  existed.  Their  existence  shows  that  mathematical 
definitions  are  neither  accidental  nor  mere  matters  of  choice. 


On  some  Properties  of  a  Series  of  the  Powers  of  the  same  Number. 
•  By  J.  Pope  Hennessy,  of  the  Inner  Temple. 

The  author  announced  the  discovery  of  some  general  laws  which  regulate  the  series 
of  the  powers  of  any  number.  For  instance,  in  the  following  series  of  the  powers 
of  5,  the  number  of  digits  in  the  several  recurrent  vertical  series  may  be  expressed 
by  the  powers  of  2  : — 

Number  of  digits  recurring. 

1         

2         

4         

8  

16         

32         

64         

128         

266         


5 

1st. 

25 

2nd. 

125 

3rd. 

625 

4th. 

3125 

5th. 

15625 

6rh. 

78125 

7th. 

390625 

8th. 

1953125 

9th. 

9765625 

10th. 

48828125 

nth. 

244140625 

12th. 

1220703125 

13th. 
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—The  Tertica!  series  are, 

5 

2 

16 

3580 

17956240 

3978175584236200 

19840377976181566439682242163600. 
The  next  consists  of  64  figures,  and  so  on.  He  pointed  out  that  a  similar  law  ex- 
isted for  every  other  number ;  and  he  exhibited  formulae  by  which  the  sum  of  any  of 
the  recurrent  series  may  be  determined.  In  the  case  of  5,  S,=2  (8,^—1+1),  the 
consecutive  sums  of  the  several  series  being  7>  16,  34,  70,  142,  &c.  In  this  way 
tables  of  the  powers  of  numbers  may  be  constructed  to  any  extent  whatever  with 
very  little  labour.  This  discovery  will  enable  certain  calculations  to  be  made  with  a 
degree  of  accuracy  hitherto  impossible. 


On  the  Conditions  of  Equilibtium  in  a  Rotadns  Spheroid. 
By  Dr.  F.  A.  Siljestrom,  of  Stochhmm, 

In  the  '  Mecanique  C61este '  it  is  demonstrated  that,  the  earth  being  considered 
as  a  fluid  mass  rotating  with  a  given  velocity,  the  mathematical  conditions  of  equili- 
brium may  be  satisfied  not  only  by  the  spheroid  of  small  excentricity,  which  is  the 
earth's  actual  form,  but  also  by  another  quite  flat  ellipsoidal  figure.  The  following 
remarks  may  in  some  measure  serve  to  elucidate  this  very  curious  result  of  the  cal- 
culus, and  also  show  that  tiiere  really  is  some  difference  (and  that  an  important  one) 
between  the  two  states  of  equilibrium  corresponding  to  the  said  figures. 

Supposing  the  mass  to  be  in  equilibrium  with  an  elUpsoidal  figure,  the  equation 
of  condition  (though  deduced  from  much  more  general  principles)  implies  nothing 
more  than  the  hydrostatical  equilibrium  in  the  centre  of  the  figure  between  a  polar 
and  an  equatorial  fluid  column.  If,  now,  the  excentricity  is  thought  variable  (the 
mass  being  constant),  it  can  be  shown  that  the  value  of  the  equatorial  pressure  (con- 
sidered as  a  function  of  the  excentricity)  has  a  maximum,  on  both  sides  of  which 
there  maybe  a  value  equal  to  that  of  the^  polar  pressure;  consequently  two  states 
of  equilibrium  and  two  different  figures. 

Considering  these  two  states  of  equilibrium,  it  is  further  shown  that  if  in  each  case 
the  excentricity  is  thought  a  little  increased  or  diminished,  the  corresponding  varia- 
tions of  the  polar  and  the  equatorial  pressure  will  .follow  in  such  a  manner  that 
only  with  the  figure  of  small  excentricity  (the  earth's  actual  form)  there  will  be 
staoiUty  qf  equilibrium. 

Let  EBF  represent  the  actual  figure  of  the  earth,  and  sup- 
pose the  figure  change  as  DAG.  Then  the  equatorial  pressure 
AC  will  be  >>  polar  pressure  DC,  and  consequenthr  there  will 
be  a  tendency  with  the  mass  to  resume  the  former  figure.  But 
if  EBF  represents  the  other  (elongated)  figure  of  equilibrium,  ^k^  ^  »^V 
and  the  excentricity  is  likewise  thought  a  little  increased,  then 
the  pressure  of  AC  will  prove  -<  pressure  of  DC,  and  con- 
sequently the  mass  will  have  a  tendency  still  more  to  change 
in  the  same  direction. 

As  for  Jacobi's  famous  ellipsoid  of  three  different  axes,  it  will  in  no  way,  if  ex- 
amined in  this  manner,  afford  stability  of  ecjuilibrium.  Consequently  with  a  given 
velocity  of  rotation  there  can  be  only  one  ellipsoidal  figure  with  which  a  fluid  mass, 
subject  to  its  own  attractive  forces,  may  remain  in  a  real  state  of  equilibrium. 


On  a  Mode  of  constructing  the  Rectangular  Hyperbola  by  Points, 
By  G.  Thurnell. 

This  commanicadon  was  illustrate  by  two  figures.  In  the  first  was  shown  how 
by  means  of  lines  drawn  in  an  isosceles  triangle  parallel  to  its  base,  on  which  were 
ibrmed  concentric  arcs^  and  through  which  was  drawn,  parallel  to  the  base,  asectioy 
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line  cutting  the  arcs  in  two  pointe,  from  which  were  projected  upon  the  iines  in  the 
triangle  other  poinU,  these  last  being  the  points  for  the  desired  hyperbola.  See  figure. 


I  n  the  eecond  it  was  shown  how  to  apply  this  problem  in  forming  the  model  by 
which  to  work  the  shafts  of  columns  with  hyperbolical  entasis,  the  subject  being 
illustrated  by  exhibiting  the  contour  of  a  column  of  the  Parthenon. 


On  a  mode  of  conslructing  Tables  of  Squares  and  Cubes. 
By  C.  M.  WiLLiCH,  Aduaryt  University  Life  Office. 


Light,  Heat. 


On  Heat  and  on  the  Indestructibility  of  Elementary  Bodies. 
By  Miss  UosiNA  Zornlin.    (Communicated  by  S.  W.  Ayrtom.) 


On  the  Duration  of  Luminous  Impressions  on  certain  Points  of  the  Retina. 
By  Sir  David  Brewster,  K.H.y  F.R.S.  L.^  E. 

It  is  well  known  that  the  duration  of  luminous  impressions  on  the  retina  is  one- 
third  of  a  second  for  white  light  of  ordinary  intensity.    In  the  Report  of  the  Belfast 
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Meeting.  I  have  shown  that  the  smaH  circular  area  at  the  end  of  the  optical  axis, 
whether  it  be  retina  or  choroid,  retains  light  longer  than  the  general  retina,  after  the 
eye  has  been  exposed  to  light ;  and  I  have  recently  observed  that  certain  points  of 
that  membrane,  situated  apparently  near  its  termination  at  the  ciliary  processes,  have 
even  a  greater  retentive  power.  In  order  to  observe  this  curious  phenomenon,  we 
ronst  extinguish,  suddenly,  a  gas-flame,  to  the  light  of  which  the  eye  has  been  for 
aome  time  exposed.  We  shall  then  observe  a  number  of  bright  luminous  points 
arranged  in  a  circle,  the  diameter  of  which  is  about  72^.  These  bright  points,  or 
stars,  apparently  placed  at  equal  distances,  vanish  so  quickly  that  I  have  found  it 
very  difficult  to  determine  their  number,  lliey  may  amount  to  fifteen  or  twenty.  I 
have  sometimes  observed  them  upon  extinguishing  a  candle,  and  also  upon  quickly 
shutting  the  eyes.  The  parts  of  the  retina  from  which  these  points  of  light  emanate 
are  probably  places  where  the  retina  is  attached  to  the  ciliary  ring,  or  oUier  parts  in 
the  interior  of  the  eye,  and  may  therefore  be  detected  by  the  anatomist. 


On  Vision  through  the  Foramen  Cenirale  of  the  Retina. 
By  Sir  David  Bbewstkb,  K.U.,  F.B.S.  L  ^  E. 

At  the  Meeting  of  the  British  Association  which  was  held  at  Belfast  1  gave  an 
account  of  a  case  of  vision,  in  which  it  was  performed  entirely  by  the  choroid  coat, 
or  rather  through  the  foramen  centrale  of  the  retina.  The  space  of  distinct  vision, 
as  ascertained  by  the  number  of  minute  printed  letters  which  the  patient  could  read, 
was  4|^,  the  angle  subtended  by  the  foramen,  which  I  had  previously  determined  by 
experiment.  In  this  case  the  paralysis  of  the  retina  was  permanent,  and  the  patient 
was  blind,  with  the  exception  of  the  small  amount  of  vision  which  he  enjoyed  through 
the  foramen.  In  the  case  to  which  I  now  call  the  attention  of  the  Section,  paralysis 
was  temporary,  and  was  accompanied  with  severe  headaches ;  but  as  soon  as  the 
patient  recovered  her  health,  the  retina  resamed  its  usual  functions.  In  order  to  find 
the  area  of  distinct  vision,  ^e  patient  observed  with  care  the  number  of  small  and 
sharply  printed  letters  which  she  could  read  at  a  ceitain  distance  from  the  eye  ;  and 
upon  measuring  the  breadth  of  these  letters,  and  their  distance  from  the  eye,  I  found 
that  they  subtended  an  angle  of  4§^,  corresponding  with  the  size  of  the  opening  in 
the  retina.  These  facts,  when  viewed  in  connexion  with  those  which  I  described  at 
the  Swansea  Meeting,  may  throw  some  light  on  the  functions  exercised  by  the  retina 
as  a  whole,  or  by  some  of  its  individual  layers.  I  have  placed  it  beyond  a  doubt,  that 
the  membrane,  whether  choroid  or  retina,  which  occupies  an  area  of  4|^  at  the  ex- 
tremity of  the  optical  axis  of  the  eye,  is  in  certain  cases  less  retentive  of  luminous 
impression,  and  in  others  more  retentive  thau  the  retina.  If  the  microscope  proves 
that  there  b  no  retina  corresponding  to  that  area,  we  must  consider  the  choroid  coat 
as  the  seat  of  vision.  If  it  should  prove  that  any  one  of  the  layers  of  the  retina 
occupies  that  area,  while  the  rest  are  wanting,  it  will  be  manifest  that  that  layer  is 
the  seat  of  vision,  or  rather  of  luminous  impressions.  ^ 


On  certain  Abnormal  Structures  in  the  CryUalline  Lenses  (^Animalst  and 
in  the  Huma/n  Crystalline,     By  Sir  David  Brewster,  K.H,y  F.R.S. 

In  examining,  many  years  ago,  the  structure  of  the  crystalline  lens  in  the  Mam- 
malia, Birds,  Fishes,  and  Reptiles,  the  results  of  which  are  printed  in  the  '  Philo- 
sophical Transactions,'  I  observed  several  deviations  from  the  normal  structure  of 
particuUr  lenses,  which  I  did  not  think  important  enough  to  publish.  Having  found, 
however,  that  these  abnormal  structures  have  been  in  some  instances  taken  for  the 
true  structures,  and  that  structures  accurately  determined  have,  on  their  authority, 
been  considered  erroneous,  it  is  necessary  to  draw  the  attention  of  anatomists  to  the 
subject. 

In  the  lenses  of  several  large  whales  brought  home  by  the  Arctic  navigators,  I 
found  that  the  fibres  were  related  to /our  rectangular  septa* ;  but  in  one  lens  I  found 

-^  Phil.  Trans.  1836.  plate  5.  figs.  1,  2,  No.  4. 

Digitized  by  VjOOQ IC 


3  REPORT — 1858. 

only  three  septa  on  the  anterior  surface,  and  five  on  the  posterior  surface,  as  shown 
in  fig  1,  two  of  the  three  septa  being  doubled  at  their  extremities.     Now  Leenwen- 

Fig.  1.— Whale. 


hoek  •  found  in  the  lens  of  a  whale  five  septa  inclined  72®  to  each  other,  which 
doubtless  was  an  abnormal  structure,  such  as  that  now  described,  arising  either 
from  disease  or  old  age.  ,         ,     , 

In  the  lens  of  the  Cow,  and  generally  speaking  of  roost  quadrupeds,  there  are  three 
septa  inclined  120°  to  each  other  ;  but  in  the  lens  of  a  cow  eleven  years  old,  I  found 
four  septa  on  one  side  of  the  lens  and  seven  on  the  other,  very  unsymmetrically  dis- 
posed. In  the  other  lens  of  the  same  cow  there  were  nix  septa  on  each  side,  also 
unsymmetrically  disposed.  In  both  these  cases  the  additional  septa  are  placed  at 
the  extremities  of  the  three  normal  septa.  These  structures  are  exhibited  in  figures 
2  and  3. 

Fig.  2.— Cow. 


Fig.  3.— Cow. 


In  a  Cheviot  ewe  six  years  old,  both  its  lenses  had  three  perfectly  regular  septa  in 
their  anterior  surface.     In  one  of  them  the  only  irregularity  in  ihe  posterior  surface 

♦  Opera,  torn.  ii.  p.  66.  Lugd.  Batav.  1722.     Phil.  Trans,  vol.  xxiv.  1704.  No.  23.  p.  1723. 
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was  that  the  septa  were  not  straight  lines,  and  not  inclined  to  each  other  at  angles 
of  120°;  bat  in  the  posterior  surface  of  the  other  there  were  six  septa,  placed  so 
onsymmetrically,  as  in  fig.  4,  that  Jhe  of  them  pjg.  4. — Sheep, 

were  in  one  semicircle,  while  only  one  was  in  the  ~^    ' 

other. 

When  the  lenses  now  described  were  immersed 
in  distilled  water  and  examined  by  polarized  light, 

the  optical  figures  which  they  exhibited  were  not     f        ^..         ^""^^^^  \^ 

in  the  slightest  degree  disturbed  by  the  want  of 
symmetry  in  the  number  and  position  of  their 
septa. 

It  will  be  seen  from  the  figures,  that  in  number- 
ing the  septa  I  have  counted  only  those  from 
which  the  groups  of  fibres,  or  vortices  as  they  have 
been  called  by  Leeuwenhoek,  take  their  origin. 

If  the  abnormal  structures  now  described  are ^  _ 

the  result  of  disease,  or  of  that  change  in   the  s 

lens  which  is  produced  by  age,  it  is  very  probable  that  several  of  the  varieties  of 
structure  observed  in  the  human  crystalline  are  abnormal.  Reil  *  thought  he  saw 
in  a  human  foetus,  seven  months  old,  eix  septa  radiating  from  each  pole,  while 
in  adults  there  were  only  four.  Dr.  Thomas  Young  f  has  given  a  drawine  of 
the  human  crystalline  (fig.  93)  in  which  the  fibres  occupy  ten  groups  or  vortices, 
separated  by  ten  radial  lines  extending  from  the  margin  to  the  centre  of  the  lens, 
each  fibre  being  parallel  to  their  radii,  and  consequently  meeting  at  an  acute  angle. 
In  another  figure,  95,  he  represents  what  he  calls  ramifications  from  the  margin  qf 
the  cryeiaUine  letu,  that  is,  ramifications  of  fibres,  a  structure  which  is  wholly  in- 
compatible with  his  fig.  93,  showing  the  order  of  the  fibres  of  the  human  crystalline. 
No  other  observer  has  seen  such  an  arrangement  of  fibres  either  in  the  human  cry- 
stalline or  in  any  other  lens.  It  is  obvious,  indeed,  that  Dr.  Young  did  not  possess  a 
correct  method  of  tracing  the  fibres  to  their  origin,  because  he  makes  their  arrange- 
ment in  Fishes  similar  to  their  arrangement  in  Birds,  that  is,  extending  from  pole  to 
pole  like  the  meridians  of  a  globe  I,  a  structure  contrary  to  the  results  obtained  by 
every  observer. 

In  his  '  Icones  Oculi  Humani,'  Soemmering  §  has  given  two  very  minute  drawings 
of  the  crystalline  ;  and  has  inferred  merely  from  its  mode  of  splitting  after  macera- 
tion in  alcohol,  that  it  divides  in  to /our  unequal  segments,  and  that  in  each  of  these 
four  there  are  four  fissures ;  and  though  he  afterwards  found  that  by  "  a  careful  and 
continued  maceration  "  in  alcohol  it  separated  into  fibres,  yet  he  argues  that  this  is 
no  proof  that  the  recent  or  the  living  lens  has  a  fibrous  structure  "  like  the  zeolites !  " 
Had  he  been  acquainted  with  the  existence  of  teeth  in  each  fibre  by  which  they  are 
held  together  to  give  solidity  and  permanence  of  form  to  a  soft  and  semifluid  body, 
he  could  not  have  considered,  as  he  does,  the  crystalline  lens  to  be  merely  a  lenti- 
cular humour  "  like  a  drop  of  dissolved  gum  ||." 

In  consequence  of  these  contradictory  opinions  respecting  the  structure  of  the 
human  crystalline,  I  was  anxious  to  study  it  by  means  of  the  optical  method  which 
had  occurred  to  me  of  tracing  the  fibres  to  their  origin  by  the  diffracted  images  which 
they  produced. 

In  some  lenses,  the  age  of  which  I  did  not  know,  I  found  three  septa,  as  in 
quadrupeds. 

In  two  very  large  lenses  there  were  on  each  side  four  septa,  two  being  placed  at 
each  end  of  a  central  line,  like  that  which  forms  the  two  septa  in  the  Hare  and  Sal- 
moh.  This  structure  is  shown  in  the  Phil.  Trans.  1836,  plate  6.  figs.  3,  4,  but  in 
the  human  lens  the  central  line  was  very  much  shorter  than  in  these  figures.     The 

*  Lentls  crystallinee  stnictura  fibrosa.  Preside  Reil.  Defendit  Samuel  Godofredus  Sattig» 
Stiesius.   Halse,  1795,  p.  14,  29. 

f  Phil.  Trans.  1800;  or  Elements  of  Nat.  Phil.  vol.  ii.  p.  605.  plate  12.  fig.  93. 

X  Phil.  Trans,  p.  605.  fig.  100. 

§  Praocofurti  ad  Meenum,  1804,  p.  67.  tab.  5.  figs.  17,  18. 

M  Inttar  gummt  liqiiefacti.    Icones,  ftc.  p.  68. 
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stractare,  however,  was  so  distinct,  that  I  could  measure  the  length  of  the  central 
line,  which  was  0*0533,  or  -f^  of  an  inch. 

In  four  lenses  which  I  examined  three  days  after  death,  I  observed  ten  septa  on 
each  side,  but  they  had  no  resemblance  whatever  to  the  figure  given  by  Dr.  Young. 
The  g^roups  of  fibres  or  vortices  were  like  those  of  quadrupeds,  with  this  difference, 
that  the  septa  to  which  they  were  related  were  longer  and  much  nearer  the  margin 
of  the  lens.  These  lenses  were  taken  from  male  and  female  subjects  about  forty 
years  of  age. 

More  recent  observers  have  found  equal  di£Sculties  in  determining  the  true  struc- 
ture of  the  human  crystalline.  Mr.  Nunneley*,  in  his  valuable  paper  on  the  crystal- 
line lens,  lately  published  in  the  Microscopic  Journal,  makes  the  following  remarks: — 

"  In  the  human  lens  the  arrangement  of  the  fibres  is  the  most  complicated  of  any, 
for  while  the  type  is  the  tnammaUan  tripod,  and  is  best  seen  in  the  foetus,  in  the  adult 
the  planes  are  more  numerous,  in  consequence  of  the  primary  planes  immediately 
branching  into  secondary,  so  that  a  very  complicated  curvature  of  fibres  exists ;  the 
septa  upon  the  two  surfaces  frequently  not  being  equal,  those  of  the  posterior  being 
more  numerous  than  those  of  the  anterior.  In  the  anterior  ntiie  septa  and  radiations 
are  often  found,  in  the  posterior  surface  twelve,  which  Arnold  regards  as  the  more 
common  arrangement  in  man.  This  complicity,  however,  is  only  in  the  more  super- 
ficial layers,  for  towards  the  axis  the  normal  mammalian  triseptal  division  is  pre- 
served f." 

Mr.  Nunneley  does  not  inform  us  whether  the  statement  that  the  structure  varies 
in  the  same  lens  is  founded  on  his  own  observations  or  on  those  of  Arnold.  Mr. 
Nunneley  s  mode  of  observing  consists  in  "  immersing  the  lens  for  a  few  minutes  in 
water  at  180^  Fahr./'  and  afUr  allowing  it  to  dry  in  a  warm  room,  he  observes  the 
number  of  sections  into  which  it  splits,  and  upon  the  supposition  that  it  splits  only 
in  the  direction  of  the  septa,  he  infers  the  number  of  the  septa  from  the  number  of 
these  directions.  We  cannot  place  much  confidence  in  results  thus  obtained.  The 
lens,  we  think,  should  be  studied  in  its  entire  state  by  following  to  their  origin  the 
converging  or  parallel  fibres,  by  observing  the  changes  in  the  difeu:ted  spectra  which 
they  produce.  By  removing  in  succession  the  external  layers,  it  will  be  easy  to 
determine  whether  or  not  the  structure  changes  in  the  layers  near  the  axis. 


On  the  Crystaliine  Lens  rfthe  Cuttle^. 
By  Sir  David  Brewster,  K.H,,  F.R.S.  L.  ^  E. 

The  crystalline  lens  of  the  Cuttle-fish  differs  in  a  remarkable  degree  from  that  of 
all  other  animals.  Cuvier  does  not  seem  to  have  examined  its  structure.  In  his 
Memoir  on  the  Mollusca,  he  merely  gives  a  drawing  of  its  external  form,  and 
mentions  that  it  consists  of  two  parts  easily  separate, — the  anterior  part  being 
more  convex  than  the  posterior.  In  the  new  edition  of  his  '  Lectures  on  Compara- 
tive Anatomy,'  published  in  1845,  the  editors,  MM.  Frederick  Cuvier  and  Laurillard, 
have  repeated  almost  verbatim  the  description  of  the  lens  given  in  the  original 
memoir  %* 

Valentin,  in  Wagner's  '  Icones  Zootomicse  § ',  has  given  a  section  of  the  crystalline 
lens  of  the  Cephalopods,  which  is  repeated  in  Victor  Carus's  '  Icones  Zootomicse  ||.' 
In  this  drawing  the  lens  is  represented  as  a  sphere,  the  anterior  part  being  much 
larger  than  the  posterior.  In  his  '  Lectures  on  Comparative  Anatomy  and  Physiology 
of  the  Invertebrate  Animalslf,'  Professor  Owen  describes  the  lens  as  Cuvier  does,  as 
consisting  of  two  distinct  parts,  the  anterior  or  smaller  moiety  being  the  segment  of 

*  In  hit  more  recent  work,  *  On  the  Organs  of  Vision,  their  Anatomy  and  Physiology/ 
plate  5,  figs.  7  and  8,  Mr.  Nunneley  has  represented  the  human  crystalline  as  having  nme 
septa  in  its  anterior,  and  twelve  in  its  posterior  surface. 

t  Journal  of  Microscopal  Science,  April  1858,  No.  23,  p.  150. 

%  I  have  not  seen  the  memoir  of  MuUer  in  the  *  Annates  des  Sciences  Naturelles'  for  1831, 
on  the  structure  of  the  eyes  of  the  Mollusks ;  but  as  MM.  Fred.  Cuvier  and  Laurillard  refer 
to  it,  I  presume  that  it  contains  no  additional  information  on  the  structure  of  the  lens  of  the 
Cuttle-fish. 

§  Tab.  29.  fig.  42.      ||  Tab  23.  fig.  1.  Leipsig,  1857.      S  Sect.  24.  p.  620.  London,  1855. 
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a  larger  sphere,  and  the  posterior  that  of  a  smidler  sphere* ;  and  he  adds,  what  is  not 
correct,  that "  the  lens  presents  the  same  denticalated  fibrous  structure,  arranged  in 
concentric  laminae,  as  m  the  higher  animals/'  Sieboldf  gives  nearly  the  same 
account  of  the  crystalline,  the  lens  beine  spherical,  and  the  anterior  of  its  two  halves 
less  convex  than  the  posterior.  Mr.  Wharton  Jones  considers  the  lens  as  "  a  sphere 
divided  into  two  unequal  segments,  an  anterior  smaller  and  a  posterior  larger  %." 

In  studying  the  crystalline  lenses  of  animals  about  twenty*five  years  ago,  I  had 
occasion  to  examine  several  lenses  of  the  Cuttle-fish,  but  having  found  a  consider* 
able  difference  in  the  structure  of  different  lenses,  and  not  knowing  the  species  from 
which  they  were  taken,  I  did  not  publish  my  observations  in  the  memoirs  which  I 
sent  to  the  Royal  Society  in  1833  and  1835.  As  the  subject,  however,  is  a  very 
interesting  one,  and  as  tne  attention  of  anatomists  has  been  lately  directed  to  the 
structure  of  the  crystalline  lens,  I  have  ventured  to  submit  to  the  Section  a  short 
account  of  my  observations. 

In  the  greater  number  of  lenses  which  I  have  examined,  and  which  I  believe  were 
those  of  the  Sepia  LoUgo,  the  lens  was  not  a  sphere,  as  maintained  by  the  greater 
number  of  the  anatomists  to  whom  I  have  referred,  nor  did  it  consist  of  two  sphericai 
segments  of  unequal  convexity..  Its  posterior  and  larger  portion  was  decidedly  a 
paraboloid,  and  its  anterior  and  smaller  portion  a  spherical  meniscus,  whose  concave 
surface  coincides  with  the  convex  surface  of  the  section  of  the  paraboloid.  This  re* 
markable  form  of  the  lens  is  represented  in  fig.  1,  where  ABC  is  the  axis  of  the  lens, 
ADCE  a  section  of  the  whole  lens  through  the  axis,  DBE  the  convex  surface  of 
the  paraboloid,  which  is  spherical,  and  MNOP  (fig.  2)  the  spherical  meniscus,  whose 
Fig.  1. — ^The  whole  lens.  Fig.  2. — The  anterior  lens. 


concave  surface  MON  has  the  same  curvature  as  DBE,  the  anterior  face  of  the 
paraboloid. 
The  following  are  the  dimensions  of  the  various  parts  of  three  lenses  : — 
inch.        First  lena, 
AB=0*3433,  DE=:0-61,  AC=0-433. 
MN=0-333,    BC=OP=009. 

Second  lens, 
AB=0-333,    DE=0-50. 

Third  lens. 
AB=0-30,  DE=0'457. 
In  some  indurated  lenses  I  have  found  the  spherical  surface  MON  slightly  con- 
vex, and  the  corresponding  surface  DBE  similarly  concave ;  but  I  cannot  decide 
whether  this  structure  is  abnormal,  or  that  of  lenses  belongiog  to  different  species  of 
the  Cuttle-fish.  That  it  was  not  produced  by  induration,  will  appear  from  the 
following  description  of  indurated  lenses  which  have  been  in  my  possession  for 
twenty-five  years,  in  all  of  which  the  facesDBEare  convex,and  the  faces  MON  concave. 

1.  AB=0-29,    DE=0-433. 

2.  AB=0-235,  DE=:0-37. 

3.  AB=0-19,    DE=0-27. 

*  This  description  is  inconsistent  with  the  drawing  (fig.  224),  which  represents  the  whole 
lens  as  a  sphere.  In  this  figure  the  central  part  of  the  lens  is  represented  as  not  lamellar  as 
iu  structure. 

t  Anatomy  of  the  VertebraU,  p.  283.     Boston,  1854. 

:  PhU.  Mag.  Jan.  1836.  vol.viii.  p.  1. 
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The  paraboloidal  part  of  the  lens,  viz.  ADBE,  consists  of  paraboloidal  lamins.  the 
surfaces  of  which  are  perfectly  smooth,  and  give  no  diffracted  image*  hy  reflexion  like 
the  surfaces  of  the  lamine  of  other  lenses.  The  spherical  portion,  MNOP,  consists 
of  spherical  lamine  of  the  same  character.  The  structure  of  both  portions  of  the 
lens  is  fibrous,  the  fibres  diverging  from  poles  in  the  axis  of  the  lenses,  that  is  from 
one  pole  in  each  lamina  of  the  two  lenses.  The  fibres,  however,  must  be  perfectly 
fiat  in  order  to  compose  laminae  perfectly  smooth ;  and  I  have  not  been  able  to 
observe  that  they  are  united  by  teeth  as  they  are  in  other  animals.  They  most 
adhere,  therefore,  to  each  other  by  the  contact  of  their  surfaces  merely,  or  by  some 
structure  not  visible  in  the  microscope,  and  not  showing  itself  by  its  action  upon  light. 

The  thin  transparent  membranes  which  cover  the  anterior  convex  surface  of  the 
paraboloid,  and  tlie  concave  surface  of  the  spherical  meniscus,  have  also  a  fibrous 
structure,  the  fibres  diverging  from  a  single  pole  in  the  axis  of  the  lenses.  The  sur- 
faces which  these  membranes  cover  are  the  ends  of  all  the  fibres  which  constitute 
the  lens ;  and  each  lamina  terminates  in  a  sort  of  ring  or  margin  which  is  well 
defined.  This  ring  is  a  little  larger  in  diameter  than  the  proper  section  of  the  para- 
boloid, and  the  consequence  of  this  is  that  the  fibres,  or  the  termination  of  the  laminae, 
are  curved  upwards,  so  that  their  surfaces  are  concave  near  the  line  DBE. 

The  two  lenses  are  curiously  united.  The  concave  surface  MON  is  less  than  the 
convex  one,  DB£,and  there  is  a  notch  between  Dand  M  going  round  the  leos.  The 
meniscus  is  kept  in  its  proper  place,  in  contact  with  the  paraboloid,  by  a  ring  ahcd 
(fig.  3),  in  which  a6=0*50  of  an  inch,  and  c(f=0*31. 

In  the  Sepia  Eledona  the  whole  lens  is  nearly  spherical,  as  shown  in  fig.  4,  the 
Fig  A.^Sepia  Eledona. 


Fig  3.— Ring  DB. 


Fig.  5. — Figure  by  polarized  light. 


axis  or  diameter  AB  being  a  little  larger  than  mn,  whereas  in  the  Sepia  Loligo  it  is 
smaller.  The  lens  divides  into  two  parts  along  mahcn,  abc  being  a  hemisphere  about 
the  i^th  of  an  inch  in  diameter.  The  whole  annular  suiface,  from  the  circumference 
win  to  a,  c,  is  covered  with  two  membranes,  to  which  the  ciliary  processes  are  attached. 

In  order  to  examine  the  polarizing  structure  of  the  lens,  I  made  a  section  of  it  by 
two  planes  parallel  to  the  axis,  so  that  the  plate  was  about  the  15th  part  of  an  inch 
thick.  When  immersed  in  oil,  it  gave,  in  polarized  light,  the  figure  shown  in  fig.  5, 
when  the  axis  of  the  lens  j9o  was  parallel  or  perpendicular  to  the  plane  of  polariza- 
tion. The  tints  to  the  left  of  o  and  to  were  the  highest,  namely  the  yellow  of  the 
first  order.  The  sections  1,  2,  3,  4  are  negative  in  reference  to  r,  and  5,  6,  7,  8  are 
also  negative  in  reference  to  the  intersection  between  6  and  7.  When  the  polarized 
light  is  transmitted  along  the  axis  of  the  eye,  a  black  cross  is  seen,  as  in  uniaxal 
negative  crystals ;  but  the  cross  opens  upon  turning  round  the  section,  indicating  a 
defect  of  symmetry  in  the  substance  of  the  lens  round  the  axis.  The  luminous  por- 
tions at  5,  6  are  very  bright. 

When  the  lenses  are  quickly  dried,  the  laminae  separate  from  each  other,  and  the 
lenses  have  the  appearance  of  pearls ;  the  resemblance  is  so  great,  that  when  the  ex- 
periment is  well  made,  it  is  difficult  to  distinguish  them  from  real  pearls,  as  will  be 
seen  in  the  accompanying  specimens*. 

*  These  specimens  were  exhibited  to  the  Section. 
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Iq  many  of  these  lenses  the  lainins  are  separated  in  some  parts  and  not  in  others^ 
and  the  consequence  of  this  is,  that  when  we  look  at  the  convex  surface  of  the  para- 
boloid by  reflected  light,  we  observe  a  number  of  luminous  and  dark  rings  surround- 
ing the  axis  of  the  lens,  the  luminous  rings  being  produced  by  the  total  reflexion  of 
the  light  from  one  or  more  of  the  separated  surfaces.  The  effect  thus  produced  is 
very  beautiful,  as  will  be  seen  in  the  specimens  on  the  table. 

iTie  preceding  observations  were  made,  as  I  have  already  stated,  nearly  twenty- 
five  years  ago,  and  I  have  copied  them  as  they  stand  in  the  Journal  of  my  Experi- 
ments. I  observe,  however,  some  discrepancies  between  the  figures  and  their  de- 
scriptions, arising,  I  think,  chiefly  from  not  being  able  to  distinguish  the  lenses  of 
one  species  from  those  of  another.  These  discrepancies  I  hope  to  be  able  to  recon- 
cile before  this  communication  is  published. 


On  the  Use  of  Amethyst  Plates  in  Experiments  on  the  Polarization  of  Light. 
By  Sir  David  Brewster,  K,H.y  F.R.S.  L.  ^  B. 

In  order  to  determine  the  exact  position  of  the  plane  of  primitive  polarization,  it 
was  usual  to  observe  when  the  intensity  of  the  extraordinary  image  of  the  analysing 
prism  was  a  minimum ;  but  as  it  is  difficult  to  obtain  light  perfectly  homogeneous, 
the  light  of  this  image  could  not  be  completely  extinguished.  In  his  experiments  on 
the  rotatory  phenomena  of  quartz,  M.  Biot  employed  a  coloured  glass,  which  trans- 
mitted only  the  extreme  red  rays  of  the  spectrum;  but  this  method,  owing  tojthe 
great  loss  of  light  in  the  polarized  pencil,  was  attended  with  so  many  inconveniences, 
that  fifteen  or  twenty  trials  were  required  before  he  could  determine  the  zero  of  his 
instrument.  In  order  to  remedy  this  evil,  M.  Soleil  interposed  between  the  polar- 
izing apparatus  and  the  analysing  prism  two  plates  of  quartz  of  equal  thickness,  the 
one  right-handed  and  the  other  left-handed.  These  plates  were  united  so  as  to  give 
the  same  tint  when  the  plane  of  the  principal  section  of  the  analysing  prism  coin- 
cided with  the  plane  of  primitive  polarization.  This  ingenious  apparatus  was  sub- 
mitted to  the  Academy  of  Sciences  on  the  23rd  of  June,  1845,  and  has  been  used 
since  that  time  by  M.  Senarmont  and  others  in  their  experiments  on  polarization. 
In  the  year  1819  I  communicated  to  the  Royal  Society  of  Edinburgh  the  very  same 
method  of  placing  the  principal  section  of  the  analysing  prism  in  the  plane  of  pri- 
mitive polarization  ;  but  in  place  of  using  two  plates  of  right  and  left-handed  quartz, 
I  used  a  single  plate  of  amethyst,  in  which  the  two  kinds  of  quartz  were  combined, 
daring  the  formation  of  the  crystal.  This  piece  of  apparatus,  which  is  obviously 
superior  to  that  of  M.  Soleil,  is  thus  described  in  the  paper  to  which  I  have  referred : — 
"  The  properties  of  amethyst,  which  have  now  been  described,  render  a  plate  of  this 
mineral  a  valuable  addition  to  our  apparatus  for  conducting  experiments  on  the 
polarization  of  light.  If  wc  wish  to  place  the  principal  section  of  the  analysing 
prism  exactly  in  the  plane  of  primitive  polarization,  we  have  only  to  interpose  a  thin 
plate  of  amethyst  like  that  shown  in  the  figure,  and  if  the  tints  of  both  sets  of  veins 
are  exactly  similar,  the  analysing  prism  will  have  the  required  position.  If  the  one 
set  of  tints  is  bluer  or  whiter  than  the  other,  or  if  there  is  the  slightest  difference 
between  them,  the  position  of  the  prism  must  be  altered  till  that  difference  b  no 
longer  perceptible.  If  we  wish  to  place  a  plate  of  sulphate  of  lime  or  any  other 
crystal,  so  as  to  have  its  principal  section  in  the  plane  of  primitive  polarization,  the 
interposition  of  the  amethyst  plate  will  give  us  the  same  assistance,  by  indicating 
that  the  circular  (rotatory)  tints  are  not  affected  by  it ;  whereas  if  we  wish  to  place 
the  axis  of  the  sulphate  of  lime  at  an  angle  of  45^  to  the  primitive  plane  of  polariza- 
tion, the  amethyst  will  point  out  this  position  when  the  opposite  circular  tints  suffer 
an  equal  change."  

On  Professor  Petzval's  New  Combination  Letis, 
Sir  David  Brewstbr  laid  before  the  meeting  a  paper,  translated  by  Mr.  Paul 
Pretsch,  entitled  "  Prof.  Petzval's  New  Combination  Lens,  as  an  Object-glass  for 
Telescopes,"  and  exhibited  a  fine  telescope  for  which  the  lens  had  been  originally 
constructed.  This  telescope  was  constructed  for  the  Imperial  General  Survey  Office 
at  Vienna,  for  the  purpose  of  making  maps,  and  the  lens  which  it  contained  has  been 
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found  to  be  the  very  best  that  has  yet  been  constructed  for  the  purposes  of  photo* 
graphy. 

Sir  David  Brewster  gave  a  brief  analysis  of  this  long  and  interesting  communica- 
tion, of  which  the  following  is  the  conclusion  : — "  What  I  have  offered  is  a  kind  of 
universal  instrument^  consisting  of  three  achromatic  lenses.  The  front  lens,  in  con- 
nexion with  a  little  larger  posterior  lens,  and  mounted  like  an  ordinary  portrait  lens, 
reproduces  a  strongly  illuminated  and  well-defined  picture  of  the  usual  size.  The 
same  front  lens,  in  connexion  with  a  smaller  posterior  lens,  reproduces  a  large  picture 
with  perfect  perspective,  equal  distribution  of  light,  and  equal  sharpness  of  the  pic- 
ture. It  forms  a  combination  for  multifarious  applications,  for  taking  views,  groups 
of  persons,  maps,"  &c.  

On  an  Apparatus  for  exhibiting  Optical  Illusions  of  Spectral  Phenomena, 

By  Henry  Dircrs. 
The  author,  after  quoting  some  passages  in  Sir  David  Brewster's  '  Natural  Magic,' 
in  which  the  author  had  intimated  that  reflexion  by  concave  specula  must  form  the 
basis  of  ail  spectral  illusions  by  reflexion,  and  pointing  out  the  inconvenience  of 
using  these  for  producing  images  of  living  and  moving  persons,  in  consequence  of 
their  inverting  objects,  stated  that  he  had  contrived  a  means  by  which  living  actors, 
some  the  real  persons,  others  the  images  of  persons  concealed  from  the  direct  view 
of  the  spectators,  might  be  formed  by  a  large  plate  of  glass  dividing  the  room  in 
which  the  exhibition  was  made,  the  spectators  being  in  a  darkened  portion  above, 
but  at  one  side  of  the  glass  plate ;  while  the  living  persons  on  the  other  side  of  it 
could  be  seen  quite  clearly  through  the  glass,  and  the  images  of  other  persons,  walk- 
ing about  in  the  room  under  them,  seen  by  reflexion,  would  appear  in  the  same  place 
as  the  living  persons  seen  directly,  such  arrangement  becoming,  in  fact,  a  transparent 
mirror,  and  the  actors  could  be  thus  made  to  appear  to  perform  most  amusing  spec- 
tral feats,  such  as  passing  through  walls,  into  and  coming  out  of  the  living  actors, 
and  so  on.  

On  a  New  Case  of  Binocular  Vision.     By  the  Rev.  J.  Dingle. 

The  author  remarked,  that  without  some  provision  imperfect  vision  would  conti- 
nually arise  from  the  difference  of  the  pictures  in  the  two  eyes.  £ven  in  the  same 
object,  the  point  looked  at  is  often  visible  only  to  one  eye,  and  the  picture  of  it  is 
combined  in  the  sensorium  with  the  picture  of  another  part ;  and  in  other  cases  the 
superposition  of  different  images  would  sometimes  lead  to  great  inconvenience  and 
confusion.  It  sometimes  happens,  for  instance,  that  in  looking  at  a  field  of  view  at 
some  distance,  objects  considerably  nearer  are  so  interposed  as  to  present  themselves 
in  the  picture  formed  in  one  eye  and  not  in  the  other.  Thus,  in  looking  at  a  landscape, 
if  the  finger  or  any  other  object  is  held  before  one  eye,  the  image  of  it  from  the  one 
retina  is  superposed  in  the  setuorium  on  a  part  of  the  landscape  formed  in  the  other 
eye.  On  mere  physical  principles,  this  might  be  expected  to  blot  out  or  greatly  con- 
fuse that  part  of  the  landscape  upon  which  it  was  placed  ;  but  upon  trial  this  is  not 
found  to  be  the  case,  as  that  part  is  merely  a  little  dimmer  than  the  rest  from  being 
seen  only  with  one  eye,  but  is  equally  distinct  and  as  truly  coloured.  By  various 
experiments  the  author  had  ascertained  that  this  was  the  result  of  a  peculiar  power 
of  the  will,  by  means  of  which  the  mind  is  enabled,  when  two  different  images  are 
superposed  in  the  sensorium,  to  select  whichever  it  pleases,  to  bring  that  object  into 
view,  and  entirely  to  obliterate  the  other, — it  sees,  m  fact,  whichever  it  wills  to  see, 
and  the  other  image,  simply  by  being  neglected,  becomes  invisible.  In  ordinary 
vision,  the  determination  of  the  image  to  be  seen  is  effected  by  the  same  act  of  the 
will  which  determines  the  position  of  the  optic  axes ;  but  by  certain  arrangements 
which  were  indicated,  both  images  may  be  made  to  have  the  same  relation  to  the 
optic  axes ;  and  as  the  predisposition  to  select  one  or  the  other  is  thus  obviated,  it  is 
made  indifferent  to  the  mind  which  of  the  two  images  that  occupy  the  same  place  in 
the  sensorium  it  shall  see*.    When  these  arrangements  are  made,  it  b  found  that 

*  The  proof  of  the  law  might  be  allowed  to  rest  on  an  accurate  observation  of  what  is 
almost  constantly  taking  place  in  the  act  of  vision;  bat  the  following  simple  experiment  may 
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mere  efforts  of  the  will  can  easily  bring  either  the  one  or  the  other  into  view.  The 
iraportaoce  of  this  law,  which  enables  the  mind  to  select  its  image,  was  pointed  out 
in  different  cases  of  ordinary  vision.  It  obviates  the  difficulty  already  adverted  to, 
of  having  two  different  pictures  on  the  same  spot ;  it  has  not  improbably  an  import- 
ant influence  in  producing  the  general  stereoscopic  effect ;  it  also,  to  some  extent, 
remedies  the  effect  of  squinting,  by  obliterating  the  picture  in  the  imperfect  eye, 
which  could  not  be  else  done  without  shutting  it.  The  effect  of  the  law,  in  some 
extraordinary  cases,  was  also  noticed,  especially  in  the  power  of  the  will  to  fix  images 
on  the  sight,  as  Sir  Isaac  Newton  instances  in  his  own  case  (see  his  '  Life,'  by  Sir 
David  Brewster).  The  author  pointed  out  the  great  interest  of  the  subject,  not  only 
in  its  practical  aspect,  but  also  as  having  an  important  bearing  on  the  connexion  t>e>- 
tween  mind  and  matter.  

On  some  Optical  Properties  of  Phosphorus, 
By  Dr.  Gladstone  and  the  Rev.  T.  P.  Dale. 

The  authors  had  recently  examined  the  effect  of  temperature  on  refraction  by 
means  of  the  instrument  constructed  by  the  Rev.  Baden  Powell,  from  a  grant  of  the 
British  Association.  They  had  extended  their  examination  of  the  optical  properties 
of  phosphorus  to  other  points.  Solid  phosphorus  at  25*  C.  gave  the  following 
refractive  indices : — 

Fixed  line  A 2*1059 

M        ,,    D 21442 

Extreme  violet 2*3097 

This  shows  an  amount  of  refraction  only  just  exceeded  by  diamond  or  chromate  of 
lead,  and  an  amount  of  dispersion  perhaps  unapproached  by  that  of  any  other  sub- 
stance. 

Melted  phosphorus  at  35°  C.  gave  the  indices — 

Fixed  line  A 2*0389 

„      „   D 20746 

,.       „   F 2*1201 

„      o    G 21710 

Extreme  violet 2*2267 

This  shows  a  considerable  diminution  both  of  the  refractive  and  dispersive  power. 
At  the  temperature  of  35^  C,  the  refraction  of  the  orange  ray  through  solid  phos- 
phorus was  to  that  through  the  liquid  body  in  the  ratio  of  2*117  to  2071. 

llie  change  of  refrangibility  caused  by  change  of  temperature  is  greater  with  liquid 
phosphorus  than  with  any  other  known  body.  A  saturated  solution  of  phosphorus 
in  bisulphide  of  carbon  is  almost  as  refractive  and  dispersive  as  the  element  itself. 
Refractive  indices  for  the  principal  fixed  lines  of  the  spectrum,  as  seen  through  such 
a  solution,  were  given.  There  is  a  certain  indistinctness  about  the  prismatic  image 
seen  through  phosi>horus  not  depending  on  opacity  or  crystalline  structure,  and  not 
arising  from  uie  high  refraction  or  dispersion,  nor  wholly  from  the  great  sensitive- 
ness to  changes  of  temperature.  It  may  be  connected  with  the  well-known  allotropic 
variations  of  this  body,  no  particular  specimen  being  really  homogeneous.  The 
phosphorus  experimented  on  was  colourless ;  yellow  phosphorus  cuts  off  the  red  rays. 
The  white  flame  of  phosphorus  contains  all  the  visible  rays  of  the  solar  spectrum,  but 
exhibits  no  trace  of  any  dark  line  or  band. 

A  Hand  Heliostat,  fm*  the  purpose  of  flashing  Sun  Signals^  from  on  board 
Sk^  or  on  Land,  in  Sunny  Climates.    By  F.  Galton,  Sec,  R,G,S, 
A  flash  of  sunlight  from  a  looking-glass,  of  a  few  inches  in  the  side,  can  be  seen 

aMitt  in  making  it  apparent.  Let  a  person  stand  before  a  papered  wall  with  pictures  hanging 
on  it,  and  shifl  the  optic  axes  so  as  to  bring  different  patterns  of  the  paper  together.  The 
images  of  the  pictures  formed  in  the  two  eyes  will  then  be  separated  in  the  sensorium,  and 
shifted  off  upon  the  image  of  a  part  of  the  paper ;  and  if  the  attention  is  turned  upon  these 
parts,  it  will  be  found  that  it  may  be  made  to  depend  on  an  effort  of  the  will  whether  the  pic- 
ture or  the  paper  will  be  seen  there.  The  experiment  might  be  still  better  made  with  a  suit- 
able piece  of  a  different  paper  pinned  on  the  wall ;  as  in  the  case  of  pictures,  the  more  inter- 
esting or  much  brighter  objects  are  apt  to  force  themselves  too  much  on  the  attention. 
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farther  than  any  terrestrial  object  whatever ;  and  the  instrument  about  to  be  described 
shows  how  this  remarkable  power  may  be  utilized  for  the  purposes  of  telegraphy. 
Heliostats  are  used  in  all  Government  surveys,  and  their  power  is  well  known  in 
penetrating  haze,  and  their  utility  in  requiring  no  "  sky  line."  They  were  also 
nabitually  employed  by  the  Russians  for  telegraphy  during  the  Crimean  war.  But 
all  heliostats  that  have  been  hitherto  used  have  been  fixtures  of  large  dimensions  ; 
commonly,  a  shaded  screen,  with  an  aperture  in  it,  was  placed  at  many  yards  from 
the  signaller,  who  stationed  himself  in  such  a  way  that  when  he  could  see  the  play 
of  his  flash  about  the  hole  in  the  screen,  he  might  be  sure  that  some  of  the  rays 
which  passed  through  the  aperture  would  be  visible  at  the  distant  station.  At  other 
times,  a  polished  ring  was  used  for  the  same  purpose  as  the  screen,  but  the  principle 
was  the  same.  The  present  instrument  dispenses  with  all  fixture ;  it  is  more  port- 
able than  a  ship's  telescope  and  as  manageable  as  a  ship's  quadrant,  and  may  be 
made  by  a  carpenter  for  4s,,  if  he  possesses  a  convex  spectacle-lens  of  short  focus 
and  a  piece  of  good  looking-  glass.  The  looking-glass  attached  to  the  heliostat  is 
about  3  inches  by  4i  inches,  and  therefore  capable  of  being  seen  at  distances,  which 
may  be  calculated  from  the  fact,  that  a  mirror  1  inch  square  is  perfectly  visible,  in 
average  sunny  weather,  at  the  distance  of  8  miles,  and  that  it  shows  as  a  brilliant 
and  glistening  star  at  2  miles.  Before  describing  its  principle  and  action,  it  will  be 
necessary  to  explain  clearly  the  peculiar  characteristic  of  the  reflexion  of  the  sun's 
rays  from  a  mirror.  If,  for  instance,  we  take  a  small  square  looking-glass  and  throw 
its  flash  upon  a  wall  2  or  3  feet  off,  the  shape  of  the  flash  will  be  little  different  from 
that  of  the  mirror  itself,  seen  in  perspective ;  but  if  we  direct  it  on  an  object  3 
or  4  yards  off,  the  angles  of  the  flash  will  appear  decidedly  rounded ;  at  20  or  30 
paces  it  will  appear  fairly  circular;  and  if  we  can  manage  to  see  it  at  50  or  100 
yards  (which  can  only  be  effected  by  selecting  some  object  to  throw  it  on,  that  is 
naturally  of  a  light  colour,  but  lying  under  a  dark  shade),  it  will  appear  like  a  mock 
sun,  of  identically  the  same  shape  and  size  as  the  sun  itself;  and  for  all  greater  di- 
stances the  appearance  remains  the  same.  That  is  to  say,  whatever  may  be  the  shape 
or  size  of  the  mirror,  and  whatever  the  irregularity  of  the  distant  objects  on  which 
the  flash  happens  to  be  thrown,  the  shape  and  size  of  that  flash,  if  it  could  be  seen 
by  the  signaller,  would  always  appear  to  him  as  exactly  that  of  the  sun.  In  fact, 
the  flash  forms  a  cone  of  light,  at  the  blunted  apex  of  which  are  the  mirror  and  the 
signaller's  eye,  and  whose  vertical  angle  equals  that  of  the  sun's  angular  diameter. 
Whoever  is  covered  by  the  flash  sees  the  mirror,  like  a  small  fragment  of  the  sun 
itself,  held  in  the  hand  of  the  observer ;  and  the  larger  the  mirror,  compared  to  the 
distance,  the  larger  and  the  more  dazzling  does  it  appear.  Now,  the  hand  heliostat 
provides  a  bright  appearance  of  the  sun,  which,  when  the  instrument  is  adjusted  and 
looked  through,  overlays  the  exact  area  which  is  covered  by  the  flash  of  the  mirror, 
which  is  attached  to  its  side.  It  is  a  perfect  substitute  for  that  mock  sun  which  we 
can  see  at  50  or  100  paces  distant,  but  which  becomes  too  faint  to  be  traced  much 
further.  All  we  have  to  do,  when  we  wish  to  send  a  flash  to  a  distant  object,  is  to 
make  that  image  of  the  sun  overlay  the  object,  just  as  may  be  done  in  rough  sextant 
observations.  The  principle  of  the  instrument  is  extremely  simple.  A  convex  lens, 
of  any  focal  distance  (5  inches  is  convenient),  has  a  small  screen  attached  to  it, 
whose  surface  is  at  its  focal  distance.  The  mirror  is  so  placed  that  a  small  portion 
of  its  flash  impinges  upon  one  end  of  the  lens ;  say,  the  right-hand  side  of  it.  The 
signaller's  eye  looks  partly  through  the  other  end  of  the  lens,  and  partly  free  of  it. 
Now  the  rays  from  any  one  point  of  the  sun's  surface  are  converged  by  the  right 
side  of  the  lens  to  a  bright  speck  on  the  screen ;  and  those  rays  which  radiate  from 
that  speck  and  impinge  on  the  left  side  of  the  lens  are  brought  back  by  means  of  it 
to  a  state  of  parallelism  with  the  rays  that  originally  left  the  mirror.  Consequently 
the  signaller's  eye  sees  the  bright  speck  in  the  precise  direction  of  the  vanishing 
point  of  the  mirror's  flash,  and  he  can,  by  looking  partly  to  the  side  of  the  lens, 
refer  it  to  some  particular  spot  in  the  distant  landscape.  But  what  is  true  for  any 
one  point  on  the  sun's  disc  is  true  for  every  point,  and  accordingly  we  obtain  a 
bright  disc  upon  the  screen,  which  appears  of  exactly  the  same  shape  and  size  as 
the  sun  itself,  and  necessarily  overlays  the  exact  area  covered  by  the  flash  of  the 
mirror.  It  is  scarcely  possible  to  describe  the  instruments  that  were  submitted  to 
the  Association  without  drawings.    They  consisted  of  a  tube  of  wood  1 5  inches  long. 
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and  with  an  eye-hole  at  one  end ;  a  mirror  tnmed  on  an  axis  at  right  angles  to  the 
tube ;  and,  in  front  of  the  mirror,  a  slip  was  cut  away  from  the  side  of  the  tube,  and 
the  lens  was  inserted  athwart  the  cut-out  part«  Part  of  the  lens  projected  within  the 
tube,  and  part  outside  of  it  and  in  front  of  the  mirror.  The  screen  was  placed  at 
the  Airther  end  of  the  cut-out  part,  and  an  envelope  protected  the  whole  from  injury. 
A  slide  in  front  of  the  lens  regulated  the  amount  of  light  thrown  on  it,  and  toned 
the  image  to  the  required  degree  of  brightness.  The  addition  of  a  telescope  was  not 
found  practically  of  much  use ;  neither  was  that  of  a  second  mirror,  for  double 
reflexion,  to  meet  the  difficulty  of  sending  signals  ^en  the  sun  was  behind  the 
back  of  the  signaller.  It  is  not  difficult  to  signal  within  12°  of  the  point  opposite 
to  the  sun,  and  it  is  possible  to  do  so  within  7°.  The  looking-glass  should  be  of 
the  very  best  plate-glass,  and  it  ought  to  have  its  sides  truly  parJlel,  else  there  will 
be  a  confusion  of  images  and  an  irregularity  in  the  flash.  Letters  are  conveyed  by 
treble  groups  of  flashes,  each  of  which  groups  consists  of  one,  two,  or  three  flashes, 
as  the  case  may  be. 

The  author  detailed  the  experiments  he  had  made  with  the  help  of  an  assistant, 
and  trusted  that  a  full  trial  of  the  instrument  at  sea  would  be  made  by  the  authorities 
of  the  Nav^,  with  a  view  of  determining  whether  it  should  not  be  accepted  by  them 
as  a  subsidiary  signalling  instrument  throughout  Her  Majesty's  Service.  One  of  the 
land  heliostats  has  been  sent  to  the  United  Service  Institution,  in  Whitehall  Place, 
together  with  a  more  detailed  explanation. 


On  the  Fixed  Lines  of  the  Solar  Spednim. 
By  J.  H.  Gladstone,  Ph,D.,  F.R.S. 

The  author  exhibited  maps  of  the  fixed  lines  and  bands  seen  in  the  solar  spectrum 
between  those  usually  designated  A  and  B,  and  of  those  which  he  succeeded  in  seeing 
beyond  K.  The  light  examined  was  that  of  the  full  sun  at  noon  about  midsummer- 
day.  The  dark  lines  and  bands  in  the  lavender  rays  coincided  with  those  drawn  by 
Prof.  Stokes,  as  occurring  in  fluorescent  phenomena;  and  with  those  of  M.  Becquerel, 
which  occur  in  the  photographic  image ;  hut  the  author's  map  contained  many  finer 
ones.  It  extended  to  M.  Becquerel's  N.  Another  map  was  exhibited  of  the  dark 
lines  and  bands  that  make  their  appearance  in  the  orange  and  yellow  rays  when  the 
sun  is  near  the  horizon,  as  previously  described  by  Sir  David  Brewster.  The  long 
space  of  air  traversed  by  the  sun's  rays  when  setting  also  absorbs  the  more  refi-angible 
rays,  but  makes  no  diference  in  the  angular  position  of  the  fixed  lines  themselves. 
The  light  of  the  moon  exhibits  the  same  black  lines,  and,  when  close  to  the  horizon, 
it  shows  the  additional  lines  in  the  orange  in  the  same  angular  position.  The  light 
of  ^e  moon,  answering  in  position  to  the  violet  rays  of  Uie  sun,  appears  lavender, 
and  even  grey,  like  the  most  refracted  rays  of  the  sun.  As  to  the  origin  of  these 
lines.  Dr.  Gladstone  had  endeavoured  to  determine  whether  they  were  due  to  the 
absorbent  power  of  the  earth's  atmosphere,  as  the  lines  in  the  orange  appear  to  be. 
Fraunhofer's  conclusion,  that  they  do  not  occur  in  the  light  of  some  of  the  fixed 
stars,  was  thought  to  be  open  to  objection ;  but  the  author's  observations  on  the  light 
of  the  stars  had  not  led  him  as  yet  either  to  a  positive  or  negative  result.  Artificial 
lights  seen  at  a  very  great  distance  might  determine  the  point.  If  these  fixed  Unes 
are  dependent  on  the  sun's  atmosphere,  they  ought  to  be  darkest  in  the  light  coming 
from  the  edge  of  the  sun's  disc ;  but  the  author  had  been  unable  to  find  any  differ- 
ence between  rays  proceeding  from  different  parts. 

On  the  Influence  of  Light  on  Polarized  Electrodes, 
By  W.  R.  Grove,  Mji^y  P.R.S.  ^c. 

The  author,  soon  after  the  publication  of  Dagaerre's  experiments,  had  shown  that 
when  light  is  allowed  to  impinge  on  a  prepared  daguerreotype  plate  in  water,  a  vol- 
taic current  is  evolved  which  affects  the  galvanometer.  In  the  present  experiments, 
two  platinized  platinum  plates  are  placed  in  dilute  acid,  and  the  one  expowd  to  sun- 
light while  the  other  is  in  the  dark.  A  current  is  detected  by  a  galvanometer  con- 
nected with  the  plates,  which,  after  many  experiments,  the  author  found  was  depend- 
ent upon  the  original  polasization  or  unequal  chemical  action  on  the  electrolyte, 
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the  aurmt  being  (with  certain  ezcepticnis  notioed  in  the  paper)  in  the  same  direction 
as  that  indieated  by  the  origioal  defection  of  the  galvanometer  when  it  is  first  con- 
nected with  the  plates.  Experiments  are  given  with  other  eolations  producing  the 
same  results.  To  prove  that  it  is  not  an  effoct  of  heat,  it  is  shown  that  non-lomi- 
nous  heat  alone  does  not  produce  the  effects,  and  that  when  the  sunlight  is  made  to 
pass  throu^  coloured  glasses  before  impin^ng  on  the  plate,  blue  light  produces  a 
greater  deflection  than  yellow  or  red«  showing  that  the  results  are  due  to  the  ch6« 
mical,  and  not  to  the  calorific  rays  of  the  sun*  The  efiects  appear  therefore  to  bt 
due  to  an  augmentation  by  the  impact  of  light  of  the  electro-chemicai  action  taking 
place  at  the  surfiice  of  the  plates,  the  6hemical  action  being  donbtlsee  due^  as  in  the 
known  oasee  of  polarized  dectrodes,  to  heterogeneous  films  on  the  surfiKa. 


On  a  NeWf  Cheapo  and  Permanent  Process  in  Phoiogrtiphg. 
By  W.  M'Craw.    (  Communicated  by  Sir  David  Brewster.) 

I  now  set  myself  to  repeat  in  writing  the  mode  I  use  for  producing  the  specimens 
which  attracted  your  notice  to-day,  of  pennanent  photographic  prints,  produced 
without  either  ulver,  gold,  or  the  noxious  hyposulphite  of  soda.  I  need  not  expatiate 
to  you  upon  the  advantages  of  such  a  process.  It  is,  indeed,  felt  to  be  the  great 
photogmphicr 
over  3ie  ^ 

collector  <  _    . 

graphic  Society  of  London,  to  inquire  into  the  cause  of  the  fading  of  photographs 
after  a  lapse  of  two  vears,  have  only  amounted  to  this, — that  photographs  of  a  cer- 
tain kind  have  all  faded ;  and  that  some  of  those  of  the  kind  that  have  stood  best 
have  unaccountably  faded,— the  sad  presumption  being,  that  in  time  all  photogrtphs 
produced  in  the  usual  vn^,  by  the  means  of  chloride  of  silver,  and  fised  (as  it  ii 
called)  by  hyposulphite  or  soda,  will  perish.  These  considerations,  and  the  fact  of 
a  prixe  being  offered  by  a  French  nobleman  for  the  discovery  of  a  prooesa  for  print- 
ing photoaraphs  in  carbon,  set  me  to  experiment  in  that  direction.  But  my  experi- 
ments wim  carbon  and  various  pigments  led  me  to  think  that  no  material  applied 
mechanically,  or  that  could  not  be  made  to  take  the  shape  of  a  dye  or  chemical  solu- 
tion, would  ever  give  results  with  the  exquisite  half-tints  of  the  present  beautiful  but 
perishaMe  process.  The  photograf^ic  properties  of  bichromate  of  potass  vrere  pointed 
out  by  Mr.  Mungo  Ponton  twenty  years  ago,  giving  photographs  of  a  pale  tawny 
colour.  A  piece  of  paper  is  v^ashed  over  with  the  saturated  solution  of  the  bichro- 
mate«  and  when  dried  in  the  dark  is  of  a  bright  yellow  colour,  and  very  sensitive  to 
li^t  If  a  negative  photograph,  or  a  piece  of  lace  or  a  leaf,  be  [^aced  over  the  pre- 
pared paper,  and  put  in  sunshme,  in  a  few  minutes  a  perfect  impression  of  the  o^ect 
\m  obtained.  The  light  darkens  the  colour  of  the  bichromate,  and  renders  it  inso- 
luble in  water,  while  the  yellow  colour  may  be  washed  out  from  the  parts  protected 
from  the  light  by  the  lace  or  leaf,  or  negative  photograph,  as  the  case  may  be.  But 
pictures  of  this  kind  have  little  or  no  practical  value ;  for  although  the  ligbits  are  good 
enough,  the  deep  black  shadows  are  only  represented  by  a  tawny  shade.  Some 
eighteen  months  ago  a  process  was  patented  for  deepeuog  these  photographs  by 
treating  them  with  gallic  acid  and  a  salt  of  iron,  which  went  b^  the  name  of '  SeUa's 
process.'  I  tried  this  process  at  the  time  according  to  the  specificatioD  of  the  patent* 
but  failed  to  make  one  satisfactory  specimen.  They  wanted  everything  that  a  good 
photograph  should  have, — pure  lights,  dear  half-tinte,  and  deep  Windows  \  and  as  I 
found  that  others  had  not  been  more  successful,  I  abandoned  my  experimente.  But 
in  the  course  of  further  experiments,  a  year  afterwards,  with  carbon,  I  was  struck  with 
the  fact,  that  when  a  drop  of  a  solution  of  bichromate  of  potass  was  allowed  to  fall  on 
a  piece  of  white  paper  and  afterwards  dried  and  exposed  to  the  sun,  when  washed  with 
a  solution  of  protosulphate  of  iron,  and  then  with  gallic  acid,  while  the  spot  became 
perfectly  black,  the  surrounding  white  paper  was  unaffected  by  the  liquids.  Kaow* 
in^  the  photographic  properties  of  the  bidiromate  already  described,  I  believed  thatt 
this  might  be  tiiefbundation  of  a  good  photographic  process  >  and  that  if  the  bichiw 
mate  could  be  kept  from,  peaetratiflg  the  pores  of  the  paper,  by  being  kept  on  ilt 
aurflsce,  tha  defects  <A  Sena's  process  migfat  be  avoided.  With  this  view,  I  h«Ba 
by  flUiag  tiie  pores  of  te  paper  wHh  aibvMeift,  and  then  t»  reato  it  iaanlnhhij  d»* 
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mersipg  the  paper  in  ether.    Thie»  however,  did  not  answer.    But  as  it  would  be 
tedious  to  detail  all  the  pains  I  took  to  discover  what  would  not  do,  and  to  find  in 
what  proportions  and  in  what  order  the  right  materials  could  be  best  applied,  I  will 
briefly  give  the  formula  which  I  have  adopted,  and  by  which  the  specimens  alluded 
to  were  produced :— First,  take  the  white  of  eggs,  and  add  25  per  cent,  of  a  saturated 
solution  of  common  salt  (to  be  well  beat  up  and  allowed  to  subside) ;  float  the  paper 
on  the  albumen  for  thirty  seconds,  and  hang  up  to  dry.    Secondly,  make  a  saturated 
solution  of  bichromate  oi  potass,  to  which  has  been  added  25  per  cent,  of  Beaufoy's 
acetic  add  j  float  the  paper  on  this  solution  for  an  instant,  and  when  dry  it  is  fit 
for  use !  this  must  be  done  in  the  dark  room.    Thirdly,  expose  under  a  negative, 
in  a  pressure  frame,  in  the  ordinary  manner,  until  the  picture  is  sufficiently  printed 
in  all  its  details, — but  not  over-printed,  as  is  usual  with  the  old  process.    Ijiis  re- 
quires not  more  than  half  the  ordinary  time.    Fourthly,  immerse  the  pictures  in  a 
vessel  of  water  in  the  darkened  room ;  the  undecomposed  bichromate  and  albumen 
then  readily  leave  the  lights  and  half-tints  of  the  picture.    Change  the  water  fre- 
quently, until  it  comes  from  the  prints  pure  and  clear.    Fifthly,  immerse  the  picture 
now  in  a  saturated  solution  of  protosulphate  of  iron  in  cold  water  for  five  minutes^ 
and  again  rinse  well  in  water.    Sixthly,  immerse  the  pictures  again  in  a  saturated 
solution  of  gallic  acid  in  cold  water,  and  the  colour  will  immediately  beein  to  change 
to  a  fine  purple-black.    Allow  the  pictures  to  remain  in  this  until  the  deep  shadows 
show  no  appearance  of  the  ;^ellow  biclu'omate ;  repeat  the  rinsing.    Seventhly,  im-« 
merse,  finally,  in  the  followmg  mixture : — Pyrogallic  acid,  two  grains ;  water,  one 
ounce;  Beaufoy's  acetic  acid,  one  ounce;  saturated  solution  of  acetate  of  lead,  two 
drachms.    This  mixture  brightens  up  the  pictures  marvellously,  restoring  the  lights 
that  may  have  been  partially  lost  in  the  previous  parts  of  the  process,  deepening  the 
shadows,  and  bringing  out  the  details ;  rinse,  finally,  in  water,  and  the  pictures  are 
complete  when  dried  and  mounted.    The  advantages  of  this  process  may  be  briefiy 
stated  as  follows: — Pirst,  as  to  its  economy  $-*-Bichromate  of  potass,  at  2d,  per  ounce, 
is  snbstiUited  for  nitrate  of  silver  at  6#.  per  oonoe.    Seoondly,  photographs  in  this 
way  can  be  produced  with  greater  rapidity  than  by  the  old  mode.    Thirdly,  the  pic* 
turee  being  composed  of  the  same  materials  which  form  the  constituent  parts  of 
writing-ink,  it  may  be  fairly  inferred  that  they  will  last  as  long  as  the  paper  upon 
which  they  are  printed.    A  beautiful  photograph  of  Sir  Walter  Scott^s  monument, 
obtained  by  this  process,  was  exhibited  to  the  Section. 


On  Mean  BUndnea.  *  J5y  Sir  G.  Robinbon. 
The  author  gave  several  instances  of  his  men  who  had  slept  on  deck  exposed  to 
the  moonbeams  being  so  blind  on  landing  that  they  had  to  be  led  by  the  hand.  Also 
the  sailors  were  in  the  habit  of  waking  up  the  soldiers  who  attempted  to  sleep  on 
deck,  and  warning  them  that  they  would  be  blinded. 


On  an  early  form  <fihe  Lenticular  Stereoscope  cmstrUctedfor  the  use  cf 
Schools.    Exhibited  by  Mr.  SamueLi  Edinburgh. 

It  consists  of  two  semikoses  on  a  frame,  from  the  middle  point  between  la^oh 
there  extends  a  brass  rod  upon  which  the  stereoscopic  picture  slides,  so  as  to  have 
two  adjustments  I  one  along  the  rod  for  persons  of  different  ages)  and  erne  of  a  rota- 
tory kind,  to  place  the  horizontal  lines  in  the  picture  parallel  to  the  line  joining  the 
two  eyes,  an  adjustment  which  exists  in  no  other  form  of  the  stereoscope.  This  in- 
strument is  described  in  Sir  D.  Brewster's  'Treatise  on  tiie  Stereoscope,'  p.  69. 


OnthBOeular  Orystal  Micrometer^  with  obserpaOons  of  twelve  double  eiarSf  me 
evidence  of  its  extraordinary  power  in  measuring  small  afwtdar  distances. 
By  Norman  Pogson.    (Communicated  by  John  Lbk,  LLJ).,  P.R.S.) 

The  JBstnimaat  which  it  is  the  object  of  this  paper  to  recommend  to  the  notice  of 
mtifwxamBB  to  of  «a«h  easy  api^ication^yet  capable  of  yielding  such  extraordinarily. 
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accurate  results  when  applied  to  the  measurement  of  small  distances,  that  it  appears 
singular,  as  well  as  a  matter  of  regret,  it  should  so  long  have  awaited  a  fair  trial,  and 
the  publicity  it  so  well  deserves. 

Although  copiously  described  by  Dr.  Pearson  in  his  valuable  work  on  '  Practical 
Astronomy,'  so  many  varieties  of  double>image  and  other  micrometers  are  there 
treated,  that  the  one  under  consideration  has  failed  to  attract  more  than  a  passing 
notice  from  the  Doctor's  readers,  and  unfortunately  no  publUhed  results  have  made 
their  appearance  from  which  amateurs  might  judge  of  the  accuracy  attainable  by  its 
use.  Had  such  been  forthcoming,  doubtless  the  Ocular  Crystal  Micrometer  would 
have  been  generally  adopted,  and  the  well-grounded  complaint,  of  the  inferiority 
of  the  measures  of  distance  of  double  stars  to  those  of  the  angles  of  position,  woold 
never  have  been  heard  of. 

Perhaps  the  best  method  of  drawing  attention  to  this  micrometer  will  be  briefly 
to  explain  the  construction  and  use  of  one,  origiDaily  made  for  Admiral  Smyth, — 
transferred  by  him  to  the  Hartwell  Observatory  in  1829>  on  becoming  possessed  of 
tiie  larger  one  described  in  his  '  Celestial  Cycle,'  and  recently  placed  in  the  hands 
of  Mr.  Pogson  for  trial,  by  the  kindness  of  its  present  owner.  Dr.  Lee. 

The  Ocular  Crystal  Micrometer  consists  of  a  variable  eyepiece,  i .  e.  one  in  which 
the  second  or  field-lens  is  moveable  by  a  rack-work,  so  as  to  vary  the  distance 
between  it  and  the  eye-lens.  This  distance  is  read  off,  by  the  help  of  a  vernier,  on  a 
scale  of  equal  parts,  and  this,  as  will  be  shown,  is  an  important  element  in  the  ob- 
servation. By  a  well-known  optical  formula,  if  e,  f,  and  O  represent  respectively 
the  focal  lengths  of  the  eye-lens,  field-lens,  and  object-glass  of  a  telescope,  when 
used  with  a  certain  eyepiece,  also  d,  the  distance  between  the  first-named  lenses,  the 
magnifying  power  of  the  telbscope  with  such  eyepiece  will  be  thus  found : — 

Power=— 7.(«+/-  d). 

From  this  it  is  manifest,  that  when  the  two  lenses  are  in  contact,  the  power  will  be 
a  maximum ;  that  as  the  distance  between  them  increases,  the  power  will  diminish  $ 
and  that  the  equal  divisions  on  the  scale  which  records  this  distance  will,  when  mul- 
tiplied by  the  factor — ^  &^^  ^^  corresponding  changes  in  the  magnifying  power. 

It  is  therefore  sufficient  to  determine,  with  a  dynameter,  the  magnifying  powers 
when  the  lenses  are  in  contact,  and  when  most  widely  separated,  and  by  simple  pro- 
portion to  tabulate  the  intermediate  divisions  and  corresponding  powers.  By  having 
two  or  three  eye-lenses,  which  can  be  slipped  (not  screwed)  into  their  cells,  the 
range  of  powers  is  very  considerably  increased.  Thus  in  our  micrometer,  eye-lens 
No.  1  extends  from  powers  261  to  134 ;  No.  2,  from  135  to  78  $  and  No.  3  from 
71  to  48. 

To  produce  a  double  image,  two  prisms  of  rock-crystal — the  one  cut  in  the  direc- 
tion of  its  optical  axis,  the  other  transversely  tliereto — are  cemented  together,  so  as 
to  form  an  achromatic  solid  of  double  refraction.  Six  such  prismatic  solids,  of  con- 
stant angles  from  2474"  to  192'',  are  in  our  micrometer  fitted  into  braes  caps,  which 
are  made  to  slip  on,  in  front  of  the  eye-lens;  so  that  if  the  separation  of  the  images 
is  too  great,  the  prism  can  be  immediately  changed  for  another  of  a  less  constant 
angle,  and  vice  versd.  The  double  image  is  therefore  formed  after  the  telescope 
has  performed  its  office,  and  is  much  cleaner  and  more  distinct  than  in  the  original 
contrivance  of  Rochon,  the  inventor,  who  placed  his  prisms  between  the  eyepiece 
and  the  object-glass.  No  wings  or  coronas  trouble  the  observer  as  with  divided  eye- 
glass micrometers;  and  although  of  course  half  the  light  is  lost  by  the  duplication  of 
the  image,  the  tedious  additions  of  clock  motion  and  illumination  of  the  field  are 
dispensed  with.  Indeed,  the  loss  of  light  sustained  by  the  use  of  illumination 
barely  sufficient  to  render  the  spider  lines  of  a  wire-micrometer  visible,  far  exceeds 
that  occasioned  by  the  transmission  of  the  rays  through  good  prisms  of  rock-crjratal. 
Perhaps  the  whole  secret  of  the  excellence  of  this  micrometer  lies  in  die  position  of 
the  crystal  being  bbforb  instead  of  behind  the  eyepiece. 

On  viewing  a  double  star  through  the  Ocular  Crystal  Micrometer,  two  pairs  will 
be  seen,  the  four  members  of  which  must  be  brought  into  the  same  straight  line 
by  turning  the  crystal  round  in  its  cell.    The  measure  is  then  made  by  varying  the 
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magnifying  power,  t.  e.  the  distance  between  the  two  lenses,  until  the  four  stars 
appear  equicUstaot.  If  the  power  be  too  small,  the  middle  space  will  be  greater  than 
that  between  each  pair  of  stars  ;  if  too  great,  the  reverse.  When  the  four  are,  how- 
ever, satisfactorily  adjusted  and  the  scale  read  off,  the  measured  angular  distance  is 
equal  to  the  constant  angle  of  the  crystal  divided  by  the  magnifying  power  employed. 
By  placing  the  four  stars  at  equal  intervals,  the  double  distance  will  be  measured, 
and  the  uncertainty  of  a  contact  between  two  perhaps  very  unequally  bright  stars 
avoided,  which  is  highly  desirable.  It  is  therefore  of  the  utmost  importance  to  know 
the  constant  angles  of  the  prisms,  also  the  limits  of  magnifying  power  of  the  variable 
eyepiece,  with  all  possible  accuracy.  It  doe^  not  enter  our  purpose  here  to  discuss 
the  various  methods  recommended  by  Dr.  Pearson  for  determining  thesle  instrumental 
constants ;  suffice  it  to  remark,  that  when  once  found  they  are  not  liable  to  change, 
and  their  investigation  is  by  no  means  difficult. 

The  observation  of  position  angle,  though  less  certain  than  that  of  distance,  is 
at  least  equal  to  what  can  be  made  with  any  other  kind  of  micrometer.  For  tills 
purpose  a  fine  diametral  line  is  cut  across  the  flat  side  of  the  field  lens,  which  be- 
comes visible  when  screwed  into  the  focus  of  the  eye-lens.  This  line  must  be  ad- 
justed by  running  the  double  star,  or  if  more  convenient  any  adjacent  bright  one, 
along  its  entire  length.  This  done,  the  prism,  which  is  attached  to  the  vernier  of  Uie 
position  circle,  must  be  moved  round  until  the  two  images  of  the  line  are  seen  in  co- 
mddence,  when  the  reading  will  be  the  zero-point  of  the  position  circle.  For  these 
two  operations  the  field  requires  illumination,  though  not  for  the  absolute  measures. 
The  four  stars  seen  through  the  prism  must  next  be  brought  into  the  same  straight 
line,  as  in  the  measure  of  distance,  when  the  difference  l«tween  the  circle- reading 
and  the  zero  previously  found,  plus  or  minus  ninety  degrees,  will  give  the  angle  of 
position.  Unless  the  equatorial  adjustments  of  the  telescope  have  been  very  cor- 
rectly made,  it  is  better  to  take  half  the  number  of  zero  readings  before,  and  half 
after  those  of  position,  so  as  to  eliminate  any  change  of  the  zero  arising  from  the 
alteration  of  hour-angle  during  the  observation. 

A  temporary  defect  in  our  micrometer,  which  could  not  be  remedied  without  part- 
ing with  it  just  at  the  time  most  convenient  for  its  use,  prevented  the  observations 
of  angle  of  position  being  made.  A  few  only  were  attempted,  but  sufficient  to  show 
that  good  results  may  be  expected  in  this  coordinate  also  when  the  micrometer  is 
put  into  working  order.  But  as  the  observations  appended  are  to  be  regarded  merely 
as  examples  of  its  capabilities  as  a  distance-measurer,  under  unfavourable  conditions, 
and  by  no  means  in  the  light  of  a  series  of  scientific  results,  it  would  not  be  render- 
ing justice  either  to  the  instrument  or  to  the  observer  to  add  the  few  imperfect  angles 
of  position  obtained,  and  they  have  therefore  been  omitted. 

No  kind  of  microQieter  is  so  suitable  to,  or  convenient  for,  an  unprofessional 
astronomer,  who  cannot  enjoy  the  luxuries  of  an  observatory ;  and  it  is  no  exaggera- 
tion of  its  merits  to  say,  that  any^good  portable  telescope,  so  equipped,  will  enable 
its  possessor  to  compete  successfully  with  far  larger  instruments  in  fixed  observatories 
not  so  provided.  To  prove  this  point,  it  is  only  necessary  to  refer  to  the  annexed 
observations  of  well-known  double  stars,  measured  on  different  nights,  frequently 
with  different  crystab,  and  therefore  perfectly  free  from  any  pre- occupation  of  mind. 
As  first  attempts  wiUi  a  strange  instrument,  they  are  naturally  open  to  ^reat  im- 
provement ;  but  with  practice  and  care,  it  seems  reasonable  to  hope  that  differences 
exceeding  half  a  second,  or  for  small  distances  a  twentieth  part  of  the  measured 
apace,  will  rarely,  if  ever  occur. 

It  is  a  striking  proof  of  the  excellence  of  the  Smythian  telescope,  that  with  an 
aperture  of  only  3*6  inches,  with  the  light  diminished  by  the  duplication  of  the  image, 
and  by  its  transmission  through  tolerably  thick  prisms  of  rock-crystal,  powers  over 
200  were  so  readily  usable.  Its  definition  is  beyond  all  praise :  without  the  prisms, 
it  bears  a  power  of  400  well,  and  separates  the  closer  doable  stars  in  a  iriaaner 
which  pats  to  shame  many  much  larger  telescopes. 
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TRANSACTIONS  OF  THB  SECTIONS.  3^ 

To  arrive  at  a  general  coDcloeton  as  to  the  accuracy  attainable  with  thb  micro- 
meter,  agreeably  to  the  nxty-Jhe  observations  here  g^ven,  we  shall  find  that  for  the 
mean  power  152*7#  and  mean  distance  T'*67,  the  probable  error  of  one  observation, 
based  upon  five  measnres,  will  be  0''*066. 

Also,  if  we  suppose  the  accuracy  to  increase  in  direct  proportion  with  the  power, 
the  extreme  difference  to  be  expected  amongst^  such  observations,  taken  with  a 
magnifying  power  of  200,  will  be  0"*21. 

On  the  DiHribuHon  ofHeaiin  the  IfUerior  of  the  Earth. 
By  Dr.  F.  A.  Siljestrom,  of  StoMolm* 

Both  the  plutonic  and  volcanic  phenomena  are  generally  ascribed  to  causes  residing 
within  the  earth's  solid  crusty  whilst  the  interior  fluid  mass  is  taken  into  con- 
sideration only  with  regard  to  what  Humboldt  calls  its  "  reaction."  Without  dis- 
puting this  way  of  explaining  the  phenomena — though  I  really  think  it  liable  to 
several  erave  objections~I  wish  to  call  attention  to  a  cause  of  dilatation  Tand  con- 
traction) that  certainly  exists,  or  at  least  has  existed  within  the  fluid  mass  itself,  and 
which,  I  think,  roust  be  considered  as  an  important  item  in  this  question. 

It  seems  impossible  originally  not  to  suppose  different  temperatures  in  different 
parts  of  the  fluid  earthy  mass.  Considering  the  great  absolute  temperature,  as  welt 
as  the  immense  bulk  of  the  earth  and  other  circumstances,  differences  as  great  even 
as  100°  C,  nay  more,  can  in  no  way  be  regarded  as  improbable.  The  natural  con- 
sequence thereof  was  the  formation  of  currents,  by  means  of  which  differently  heated 
parts  were  brought  together,  and  the  temperature  of  the  mass  was  made  more  and 
more  uniform.  However,  on  various  grounds  I  conclude  that  even  now  the  tem- 
perature cannot  be  one  and  the  same  through  the  whole  fluid  nucleus  of  the  earth, 
but  that  currents  of  the  said  description  still  exist  in  the  interior  of  our  planet. 

This  assumed,  let  v,  i/  be  the  volumes,  and  t,  f  the  temperatures  of  two  differently 
heated  fluid  parts,  which  are  mixed  together,  and  which,  for  more  simplicity,  may 
be  regarded  as  having  the  same  mass  and  as  being  of  the  same  chemical  nature. 
Let,  further,  v  be  the  volume  and  T  the  temperature  of  each  after  the  mixture.  As 
both  the  dilatation  and  the  specific  heat  change  with  the  temperature,  let  A,  e  be 
the  mean  dilatation  and  the  mean  specific  heat  between  the  temperatures  t  and  T, 
and  A',  e'  between  T  and  t  (/  being  >-  t').    Hence  it  follows  that 

i»=ic;(i+A(rf-T)) 

•=rto(i-A'(T-0) 

(/-T)c=(T-Oe', 
and  consequently  that 

Now  y+i^  being  the  original  volume  and  2io  the  volume  after  the  mixture,  it  will  be 
seen  that  there  must  needs  be  a  change  qf  volume,  unless  Aef=iA'e,  which  at  least  is 
not  the  case  with  the  substances,  for  which  Dulong  has  determined  the  variations  of 
dilatation  and  specific  heat. 

If  we  take  as  an  example  the  values  found  by  Dulong  for  iiron  between  0^—200% 

it  will  be  seen  that  if  only  ^^^;^^^  of  the  earth's  volume  were  subject  to  the  above* 
liamed  process  of  mixture— one  part  being  considered  200**  warmer  than  the  other — 
the  result  would  be  a  change  of  volume  certainly  not  less  than  five  or  six  times  the 
whole  bulk  of  Vesuvius.  This  may  in  some  way  be  illustrative  of  the  quantity  of 
action  that  might  be  supposed.  As  to  the  absolute  intensity  and  the  mode  of  work- 
ing, I  think  no  other  force  could  be  imagined  more  suited  to  the  purpose. 


An  Account  of  some  Experiments  on  Radiant  Heat,  involving  an  Extension 
o/*  Provost's  Theon/  of  Exchanges,    By  B.  Stewart. 

These  experiments  were  performed  with  the  aid  of  the  thermomoltiplier,  the  source 
of  heat  being  for  the  most  part  bodies  heated  to  212°.  Four  groups  of  experiments 
were  considered.    Group  the  first  contains  those  experiments  in  which  the  quantities 


Digitized  by  CjOOQ IC 


24  BBPOBT — 1858. 

of  heat  radiated  from  polished  plates  of  different  sabstances  at  a  given  temperature, 
are  compared  with  the  quantity  radiated  from  a  similar  surface  of  lampblack  at  the 
same  temperature.  The  result  of  this  group  of  experiments  is,  that  glass,  alum,  and 
selcnite  radiate  about  98  per  cent,  of  what  lampblack  does ;  thick  mica,  92 ;  tiiin 
mica,  81 ;  and  rock-salt  only  15  per  cent.  The  second  group  of  experiments  was 
designed  to  compare  together  the  quantities  of  heat  radiated  at  the  same  temperature 
from  polished  plates  of  the  same  substance,  but  of  different  thicknesses.  The  result 
of  this  group  was,  that  while  the  difference  between  the  radiating  power  of  thick  and 
thin  glass  is  so  small  as  not  to  be  capable  of  being  directly  observed,  there  is  a  per- 
ceptible difference  between  the  radiation  from  thick  and  Uiin  mica,  and  a  still  more 
marked  difference  between  the  radiation  from  plates  of  rock  salt  of  unequal  thick- 
ness. The  third  group  of  experiments  was  made  with  the  view  of  comparing  the 
radiations  from  various  polished  plates  with  that  from  lampblack,  as  regards  the 
quality  of  the  heat, — its  quality  being  tested  by  its  capability  of  transmission  through 
a  screen  of  the  same  material  as  the  radiating  plate.  From  this  group  of  experi- 
ments it  appears  that  heat  emitted  by  glass,  mica,  or  rock-salt  is  less  transmissible 
through  a  screen  of  the  same  material  as  the  heated  plate  than  heat  from  lampblack, — 
this  difference  being  very  marked  in  the  case  of  rock-salt,  which  only  transmits  about 
one-third  of  the  rays  from  heated  rock-salt.  The  common  opinion  that  rock-salt  is 
equally  diathermanous  for  all  descriptions  of  heat  is  therefore  untenable.  The  fourth 
group  of  experiments  shows  that  heat  from  thick  plates  of  glass,  mica,  or  rock-salt  is 
more  easily  transmitted  by  screens  of  the  same  nature  as  the  heated  plate  than  heat 
from  thin  plates  of  these  materials.  It  was  shown  that  all  these  experiments  may 
be  explained  by  Provost's  theory  of  exchanges,  somewhat  extended.  This  extension 
consists  of  the  following  laws : — 1.  Each  particle  of  a  substance  has  an  independent 
radiation  of  its  own  equal  in  all  directions  and  without  regard  to  the  distance  of  the 
particle  from  the  surface  of  the  body.  2.  The  radiation  of  a  particle  equals  its 
absorption,  and  that  for  every  description  of  heat.  3.  The  flow  of  heat  from  within 
upon  the  interior  surface  of  a  polished  plate  of  indefinite  thickness  is  proportional  to 
the  index  of  refraction  of  the  body,  and  that  for  every  description  of  heat.  The  bear- 
ing of  these  experiments  on  Dulong  and  Petit's  law  of  radiation  was  then  attempted 
to  be  traced.  It  was  shown  that  unless  bodies  from  simply  being  heated  change 
their  transmissibility  for  the  same  description  of  heat  (whidi  there  is  no  reason  to 
suppose),  the  radiation  of  thin  plates  or  particles  at  a  high  temperature  will  bear  a 
less  proportion  to  the  total  radiation  of  that  temperature  than  at  a  low, — the  conse- 
quence will  be,  that  the  radiation  of  single  particles  will  increase  with  the  tempera- 
ture in  a  less  degree  than  Dulong  and  Petit's  law  would  indicate.  It  may  even  be 
that  the  radiation  of  a  particle  or  very  thin  plate  may  be  proportional  to  the  abso- 
lute temperature  of  that  particle.  Taking  a  piece  of  glass  or  mica*  therefore,  at  a 
low  temperature,  as  it  is  very  opake  wi£  regard  to  the  heat  radiated  by  itseLT,  we 
may  suppose  that  the  total  radiation  consists  of  that  of  the  outer  layer  of  particles 
only,  that  from  the  inner  layers  being  all  stopped  by  the  outer.  At  high  tempera- 
tures, however,  we  may  suppose  that  there  is  not  only  the  radiation  of  the  outer 
layer,  but  also  part  of  that  of  the  inner  layer  which  has  been  able  to  pass,  swelling 
up  the  total  radiation  to  what  it  appears  in  Dulong  and  Petifs  experiments.  Tliis 
way  of  looking  at  radiation  may  possibly  bring  the  radiative  power  of  particles  to 
obey  the  same  laws  with  the  conducting  power  of  particles,  which  Prof.  Forbes  has 
shown  decreases  with  an  increase  of  temperature.  The  author  of  this  communica- 
tion is  indebted  to  Prof.  Forbes  for  the  use  of  the  instruments  and  substances  era- 
ployed,  and  also  for  many  valuable  suggestions  with  regard  to  the  experiments  it 
contains. 


Electricity,  Magnetism. 
On  the  Intensity  cfthe  Terrestrial  Magnetic  Farce.    By  J.  Drummond. 

In  comparing  the  observations  of  the  dip  with  those  of  the  intensity,  the  author 
found  some  anomalous  results,  of  which  the  following  is  an  example.    In  the  diomal 
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variation  the  dip  is  at  a  minimum  abont  8  a.m.»  at  a  maximum  about  11  a.m.,  after 
which  it  decreaBes  to  a  minimum  again  about  3  p.m.  Turning  now  to  the  intensity, 
the  maximum  is  found  to  occur  about  8  a.m.,  and  the  minimum  about  11  a.m.,  after 
which  it  again  increases,  reaching  a  maximum  in  the  afternoon.  From  these  facts, 
then,  it  would  appear  that,  while  the  earth  exerts  a  greater  attracting  power  over  the 
needle  about  1 1  a.m.  than  either  before  that  hour  or  after  it,  the  intensity  of  the 
force  by  which  this  is  accomplished  is  then  at  its  minimum.  In  other  words,  we  are 
driven  to  the  conclusion  that  the  earth  exerts  a  greater  attracting  power  by  a  mini- 
mum of  force  than  by  a  maximum, — a  conclusion  entirely  at  variance  with  all  our 
knowledge  of  the  magnetic  force.  This  anomalous  result  the  author  traced  to  the 
assumption  lying  at  the  foundation  of  the  present  theory  of  the  intensity,  viz.  that 
the  terrestrial  force  is  exerted  in  the  direction  of  the  dip ;  and  from  an  analysis  of 
the  phenomena  of  the  dip  he  arrived  at  the  following  laws : — 

1.  That  the  direction  in  which  the  earth's  force  is  exerted,  is,  at  all  points  upon  its 
surface,  in  the  radial  line  of  its  centre. 

2.  lliat  the  vibrations  of  a  horizontal  needle  being  therefore  at  all  points  made  at 
right  angles  to  the  direction  of  the  force,  their  number  at  any  two  or  more  stations 
in  similar  times,  or  at  different  periods  in  similar  times,  indicates  exactly  the  ratio  of 
the  force  at  each  station  and  at  each  period. 


On  the  Development  of  a  Physical  Theory  of  Terrestrial  Magnetism^  an  out- 
line (^  which  toas  submitted  to  the  DubUn  Meeting,    By  J.  Drummond. 

The  fundamental  principle  of  this  theory  was  the  following: — Assuming  the 
prevailing  idea  regarding  the  early  condition  and  present  state  of  the  globe,  viz, 
that  it  has  cooled  down  from  a  state  of  fluidity,  and  now  consists  of  a  solid  crust 
enclosing  a  molten  nucleus,  the  author  assumed  also  that  the  sun,  moon,  and 
other  planetary  bodies  must  exert  the  same  influence  upon  the  enclosed  fluid  which 
they  exert  upon  the  surface  ocean  in  producing  the  tides ;  that,  consequently,  a 
Bvstem  of  internal  tides  must  be  occasioned  simultaneously  with  the  external 
tides.  Further,  accepting  the  theory  of  Gauss,  that  the  entire  matter  of  the  globe 
is  magnetic,  he  concluded  also  that  the  passage  of  these  internal  waves  must 
occasion  corresponding  changes  in  the  position  of  the  needle ;  and  reasoning  from 
these  premises,  he  arrived  at  the  following  conclusions,  in  regard  to  the  changes 
in  position  which  the  needle  ought  to  undergo.  A  decUnation  needle  at  any 
station  resting  on  the  line  of  the  magnetic  meridian  ought,  upon  one  of  the 
internal  waves  coming  from  the  eastward,  to  make  an  excursion  to  meet  it ;  as  the 
crest  of  the  wave  approaches  the  station  of  observation,  the  needle  ought  to  return 
with  it ;  and  when  it  comes  immediately  beneath  the  point  of  observation,  the  needle 
ought  to  coincide  again  with  the  meridian.  As  the  wave  proceeds  westward,  the 
ne^e  ought  to  follow  it,  making  a  westerly  excursion  equal  to  the  easterly ;  and  as 
the  wave  passes  further  west,  and  its  influence  over  the  needle  thereby  declines,  the 
latter  ought  slowly  to  return  again  to  the  meridian.  Again,  an  inclination  needle 
ought  to  begin  slowly  to  dip  as  the  crest  of  the  wave  approaches  the  station  of 
observation,  reaching  its  maximum  when  the  wave  is  immediately  beneath  it,  and 
slowly  rising  again  to  its  former  position  as  the  wave  passes  westward.  And  the 
intensity,  as  indicated  by  the  oscillating  needle,  ought  to  increase  as  the  crest  of  the 
wave  approaches  the  station,  reaching  its  maximum  when  it  is  immediately  beneath 
it,  and  decreasing  gradually  as  the  wave  proceeds  to  the  westward,  the  maximum  of 
intensity  thus  coinciding  with  the  maximum  of  inclination.  Taking  into  considera- 
tion the  conditions  under  which  a  system  of  internal  tidal  waves  must  be  produced 
and  propagated,  the  more  important  of  which  were  pointed  out,  the  author  was  of 
opinion  that  the  results  of  observation  fully  coincided  with  this  theory. 


A  Memoir  on  ElectrO'Magnetism.    By  C.  L.  Drapbiu 


Contributions  on  the  Submarine  Telegrc^h.    By  Wildmak  Whitishou8E* 

i  , 
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On  Inehctd  Ebotriocd  I}i$oharge$  takm  in  Aqu$ou$  Vagnnir. 
By  J.  P.  Gabsiot,  V.PJLS. 

If  the  tabe  of  a  well-constrocted  water-hammer  is  partly  covered  with  two  sepa- 
rate coatings  of  tinfoil,  and  the  coatings  are  connected,  one  with  the  outer,  and  the 
other  with  the  inner  terminal  of  an  induction  coil,  a  discharge  will  be  observable 
through  the  centre  of  the  tube  in  the  form  of  a  wave  line.  On  repeating  this  expe* 
riment,  I  ascertained  that  the  vacuum  in  the  tube  was  very  much  deteriorated.  I 
could  no  longer  produce  that  peculiar  bubbling  in  the  ball  of  the  apparatus  which  is 
always  attainiU)le  by  gently  heating  the  tube  with  the  warmth  of  the  hand ;  this 
bubbling  was  originally  very  sensibly  perceptible  in  the  tube  I  now  exhibit  when  I 
first  received  it  from  the  maker,  Mr.  Casella.  I  have  repeated  the  experiment  with 
other  water-hammers,  and  always  with  the  same  result ;  but  I  have  not  yet  opened 
one  to  examine  whether  the  vapour  has  been  decomposed,  and  gas  evolved. 

At  the  close  of  tJie  reading  of  the  paper,  the  room  was  darkened,  and  Mr.  Gassiot, 
assisted  by  Mr.  Ladd,  exhibited  the  experiment. 


On  the  Phosphorescent  Appearcmte  of  Electrical  Discharges  in  a  Vaemun 
made  in  Flint  and  Potash  Glass.     By  J.  P.  Gassiot,  V.P.R.S. 

The  discharge  from  an  induction  coil,  when  taken  in  a  vacuum  tube  made  of  flint- 
glaas,  has  (under  certain  conditions)  the  property  of  rendering  the  glass  highly  phos* 
phorascent,  the  phosphorescence  being  denoted  by  the  intense  blue  colour  of  the 
glass  with  >Yhich  the  stratifications  are  surrounded.  On  trying  the  discharge  in  some 
vacuum  tubes  I  had  obtained  from  M.  Geissler,  of  Bonn,  I  observed  that  the  phos- 
phorescence was  no  longer  blue,  but  was  of  a  slight  green  coloiu*.  To  test  whether 
this  difference  was  due  to  the  gaseous  matter  remaining  in  Qeissler*s  tubes,  or  to  the 
character  of  the  glass  which  he  uses,  I  had  Torricellian  vacuums  prepared  in  German 
glass  tubes,  and  in  this  manner  ascertained  that  the  difference  in  the  colour  was 
entirely  due  to  the  character  of  the  glass  :  that  of  Germany  b,  I  believe,  made  with 
potash,  and  is  entirely  free  from  any  lead,  while  in  the  English  fiint-glass  lead  is  in- 
troduced to  some  extent.  I  have  recently  obtained  a  vacuum  tube  from  Bonn,  which 
shows  this  difference  in  a  very  beautiful  manner :  the  outer  ends  of  the  tube  are  com- 
posed of  German  glass,  the  centre  of  the  tube  is  of  English  glass ;  by  this  arrange- 
ment the  contrast  between  the  two  is  very  manifest. 


Exhibition  of  Apparatus  showing  the  CorrelaOon  of  ForoeSf  and  Exhibition 
of  Heating  Mffeets^  by  Mechanical  Operations^  on  a  peculiar  Form  of 
Antimony*    By  George  Gore. 

On  an  Improved  Induction  CoiL    By  W.  Ladd,  Chancery  Lane, 

Having  been  rather  extensively  engaged  for  the  last  two  years  in  the  manuikctoi^ 
of  induction  coils,  and  having  received  me  constant  and  able  advice  of  Mr.  J.  P.  Gas- 
siot, and  the  practical  suggestions  of  Mr.  C.  A.  Bentley,  I  have  thought  that  a  brief 
description  of  the  machine  as  it  is  now  made,  with  the  results  obtained,  may  not  be 
uninteresting.  My  object  has  been  not  to  make  very  large  machines,  but  to  obtain 
the  greatest  results'  from  a  three-mile  coil,  that  being  sufficiently  large  for  all  ordi- 
nary purposes.  I  find  the  best  length  for  the  iron  core  to  be  13  inches  and  about 
15*8  diameter,  composed  of  fine  iron  wire  not  larger  than  No.  32,  very  careftilly 
annealed.  The  primary  wire  should  be  of  sufficient  stse  to  carry  freely  the  whole  of 
the  battery  current,  and  of  sufficient  quantity  to  saturate  thoroughly  the  iron  con 
with  magnetism.  For  this  purpose  I  use  three  layers  of  one  continuoos  No.  19 
copper  wire  carefully  annealed :  if  more  layers  are  used,  I  find  that  the  secondary 
wire  is  removed  too  far  from  the  magnetic  influence.  The  secondary  wire  ought  not 
to  be  larger  than  No.  35,  covered  with  silk,  which  must  be  laid  on  perfectly  even 
and  insulated  from  the  primary  wire,  and  also  from  the  layers  of  the  secondary  next 
to  it,  I  find  the  best  insulating  medium  to  be  the  thinnest  gutta  percha  made,  «im) 
which  I  believe  to  be  the  only  gutta  percha  sold  which  cannot  be  adulterated ;  it  is 
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trtts  that  It  his  many  minate  perforations,  bat  by  laying  on  at  least  %i%  thiokneeses 
between  each  layer  of  wire  peif^  insolation  is  secured.  The  greatest  care  must  be 
taken  In  protecting  the  ends  of  the  layers  so  as  to  prevent  the  sparks  passing  from 
one  to  the  other.  The  condenser  shonld  be  at  least  fifty  sheets  of  tinfoil  of  about 
I  square  foot  in  size.  These  sheets  must  be  separated  from  each  other  by  three 
aheets  of  yamished  paper  or  gutta-percha  tissue.  Every  alternate  sheet  of  foil  is 
eonected  together,  thus  forming  two  poles,  to  be  attached  one  to  each  side  of  the 
break.  It  may  be  placed  at  the  bottom  of  ^e  stand  or  in  a  separate  box,—- the  latter 
I  prefer.  In  developing  the  power  of  the  machine,  everything  depends  upon  the  con- 
tact breaker,  which  should  be  capable  of  retaining  contact  until  the  whole  of  the  mag- 
netism is  obtained,  and  capable  also  of  breaking  contact  as  soon  as  the  smallest 
quantity  is  induced.  TViese  results  are  obtained  in  the  breaJc  attached  to  this  instru- 
ment. The  hammer  is  made  to  vibrate  freely  between  the  iron  core  and  the  coil,  and 
the  brass  screw  terminating  with  the  platinum  plate  at  the  back  of  the  hammer :  a  very 
small  amount  of  magnetism  will  be  sufficient  to  attract  the  hammer,  and  so  break 
the  contact.  If,  now,  I  bring  this  screw  (placed  half-way  up  the  spring  carrying  the 
hammer)  to  bear  upon  the  spring,  it  will  have  the  effect  of  pressing  the  two  platinum 
plates  together,  so  that  it  takes  a  greater  amount  of  magnetism  to  separate  them. 
By  this  means  I  can  regulate  the  power  of  the  instrument  to  the  purposes  for  which 
it  is  required.  The  battery  I  employ  is  a  five  cells  of  '*  Grove's,"  with  immersed 
platinum  plates  5X3,  having  an  exposed  surface  of  140  square  inches.  With  such  a 
battery  and  a  coil  thus  constructed,  I  can  always  ensure  sparks  from  half  an  inch  to 
4  inches  in  air.  The  machine  now  exhibited  contains  six  miles  of  wire,  and,  worked 
with  the  same  battery,  gives  6^-inch  sparks.  The  position  which  the  induction  coil 
is  now  taking  in  this  electrical  age  is  one  of  considerable  importance.  It  has  awakened 
new  philosophical  ideas,  and  is  being  successfully  applied  to  practical  purposes  of 
the  highest  advantage  to  mankind.  For  blasting  purposes,  a  three-mile  coil  is  capa- 
ble of  firing  fifty  charges  simultaneously.  But  important  as  its  present  position  is, 
and  successful  as  its  past  application  has  been,  there  can  be  little  doubt  that  machines 
can  be  constructed  that  will  obviate  the  necessity  for  employing  such  ponderous 
machines,  and  still  more  ponderous  batteries  that  have  been  at  work  on  the  Atlantic 
Cable.  

On  the  Magnetic  Dip  at  Stockholm. 
By  Dr.  F.  A.  Silj£str6m,  (f  Stockholm. 
Later  observations  on  the  magnetic  dip  at  Stockholm  confirm  the  known  fact  that 
this  magnetic  element  has  a  minimum  in  the  winter. 


AflTBONOMT. 

On  the  Perihelia  and  Ascending  Nodes  of  the  Planets* 
By  Edward  Joshua  Cooper,  P.R.S. 

It  is  known  to  many  that  my  attention  has  been  called  to  the  distribution,  in  helio- 
oentrio  longitude,  of  the  perihelia  and  ascending  nodes  of  the  planets  since  the  year 
1850.  In  1861,  the  then  results  were  published  by  me,  in  my  Preface  to  'Cometic 
Orbits.'  Since  that  period  I  communicated  the  further  results,  arising  from  subse- 
quent discoveries  of  asteroids,  to  die  Royal  Astronomical  Society  and  the  Royal 
Society.  The  last  notice  which  I  communicated  to  the  Royal  Society  was  in  the 
last  year,  when  the  number  of  known  planets  was  5 1 .  This  notice  was  aooompaaiod 
by  diagrams  of  their  positions.  At  present  there  are  63  j  but  no  elements  of  the  last 
have  been  yet,  I  believe,  computed.  Taking,  then,  61  of  these,  we  find  that  the 
perihelia  of  4S  are  found  in  the  semicircle  of  heliocentric  longitude,  between  QP  and 
180^,  and  only  1 9  in  the  other  semicircle.  With  reference  to  the  ascending  nodes 
^  the  60  planets,  43  are  likevrise  found  between  0°  and  180^,  and  only  18  in  the 
reBMunlttg  semioirde.  But  the  aoeompanying  Table  will  show  some  more  remark- 
able TCBiJts,  yiz.  that  when  there  were  only  4  known  aatMoida  and  f  laige  planete^ 

Digitized  by  V^OOQlC 


^8  BSPOBT — 1858. 

if  we  add  to  them  Neptune,  making  12  in  all,  the  perihdla  of  10  of  these  are  found 
between  (P  and  180^ ;  and  of  the  nodes  of  the  11,  none  are  in  the  semicircle  180°  to 
36CP.  This  Table  also  exhibits  these  somewhat  singular  facts,  Uiat,  adding  to  the 
first  12  those  subsequently  discovered  in  groups  of  10,  the  number  of  perihelia  and 
number  of  ascending  nodes  in  each  semicircle  are  almost  exactly  similar.  I  would 
also  observe,  that  it  may  be  seen,  by  the  diagrams  of  heliocentric  longitude,  that  the 
perihelia  and  ascending  nodes  are  frequently  grouped  together  in  a  remarkable  man- 
ner. I  deal  now  entirely  with  facts :  causes  I  leave  to  the  more  learned  in  celestial 
dynamics. 

Including  Neptune  from  the  Flr$t. 

L.  Ps.  0®  to  180®  180^  to  360P. 

When  ]  2  Planets  there  were  10  2 

17  5 

25  7 

30  12 

37  15 

42  19 

Q  0Ptol80®180Pto360® 

re  were   11  0 

18  3 

25  6 

30  11 

36  15 

42  18. 


22 

ditto 

32 

ditto 

42 

ditto 

52 

ditto 

61 

ditto 

11 

Planeb 

21 

ditto 

31 

ditto 

41 

ditto 

51 

ditto 

60 

ditto 

Douati's  Comet. — Extracts  from  Letters  received  by  E.  J.  Cooper^  JIf.jP., 
from  Mr.  A.  Graham>  MJtJ^A. 

«  Markree  Observatory,  Sept  20. 

**  I  hoped  to  be  able  to  give  you  ere  now  some  interesting  details  of  this  glorious 
comet,  but  I  was  arrested  in  my  calculations  by  a  curious  result  in  my  observation 
of  September  14, — the  only  really  good  one  which  the  weather  permitted  me  to  make 
up  to  that  time.  Both  the  compared  stars  occur  in  Bessel's  zone  359-  One  of  the 
two  is  also  in  Lalande,  No.  21775  (Catalogue).  The  mean  right  ascensions  from  the 
two  catalogues  differ  by  12  seconds  in  time!  There  were  two  wires  taken  by  both 
observers,  and  I  have  carefully  looked  over  the  reductions.  I  even  got  C.  Robertson 
(second  assistant)  to  ascertain  the  mean  places,  and  he  brought  out  exactly  the  same 
result  as  I.  On  Saturday  evening  (18th)  the  comet  presented  rather  a  striking  ap- 
pearance in  the  nucleus  and  coma.  The  part  to  the  right-hand  side  of  the  tail  waa 
brighter  than  the  left.  I  directed  the  attention  of  C.  Robertson  to  this  circumstance, 
to  make  sure  that  my  eyes  did  not  deceive  me;  and  his  impression  precisely  accorded 
with  mine.  Now  it  did  not  strike  me  at  the  time  that  this  was  the  side  next  the  sun, 
and  that  the  phenomenon  indicated  a  phase  such  as  would  be  caused  by  light  reflected 
from  the  surface.  The  appearance  of  the  tail  was  exactly  such  as  would  be  presented 
by  a  hollow  conoid  of  thin  vapour  under  the  circumstances.  It  will  be  interesting  if 
other  observers  confirm  this  remark." 

September  22.  "  We  got  satisfactory  observations  of  the  comet  on  Monday  and 
Tuesday  nights.  The  note  in  the  observing  book  for  Monday  the  20th  is  as  foU 
lows : — The  south  side  of  the  nucleus  faded  off  gradually  into  the  coma  without 
any  defined  boundary  line.  The  north  and  north-east  pretty  well  defined.  The 
nucleus  seemed  to  be  stretched  out  westward  at  an  angle  of  about  120^  with  the 
tail,  giving  a  rough  idea  of  a  cusp.  There  was  a  similar  appearance  towards  the 
east,  in  continuation  of  the  line,  but  not  so  well  marked.  SouUiward  of  a  line 
toudiing  the  nucleus  on  the  north  side,  and  making  an  angle  of  about  60*^  with  the 
axis  of  the  tail  on  the  east  side,  the  light  was  decidedly  stronger  than  on  the  other 
side  of  this  line.  The  entire  impressed  us  with  some  such  idea  as  a  view  of  Venin 
would  give  when  slightly  gibbous,  and  when  seen  very  near  the  horizon,  with  bad 
definition.  The  light  of  the  tail  was  pretty  uniform  throughout  the  entire  breadth 
,for  about  twice  the  diameter  of  the  nadeus  northward.    Thenoe  it  parted  into  two 
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Tay8,  the  upper  one  being  the  brighter  and  broader.  The  tail  was  directed  precisely 
to  X  Urss  Majoris,  and  was  about  6^  long  at  least,  but  the  strong  moonlight  pro- 
bably obliterated  the  fainter  portion." 

Note  taken  Sept.  2 1 .  "Appearance  pretty  much  as  last  night.  The  angle  made  by 
the  line,  which  I  have  regarded  as  the  north  limit  of  the  phase,  with  the  axis  of  the 
tail,  is  not  quite  so  small  as  60^.  About  75^  is  a  more  correct  estimate.  The  tail 
was  directed  almost  precisely  to  Polaris.  Moonlight  greatly  diminished  the  effect, 
and  took  from  the  apparent  length  of  the  tail.'' 


On  the  Results  of  the  Measures  of  Gamma  Vtrginisfor  the  Epoch  1858,  as 
determined  by  Admiral  Smyth.    By  John  Lbe,  LLJ}.y  F.ILS. 

I  had  the  honour  of  presenting  to  Section  A  of  this  Association  at  Dublin,  in  1857, 
the  results  of  measurements  of  the  double  star  y  Virginis  for  the  epoch  1857, and  I  now 
have  the  gratification  of  presenting  similar  results  of  the  position  and  distance  of  this 
important  double  star  y  Virginis,  for  its  last  apparition,  as  observed  at  the  Hartwell 
Observatory,  vrith  corresponding  results  obtained  at  Greenwich  by  Prof.  Airy,  at  Had- 
denham  by  Mr.  Dawes,  at  Tarn  Banks,  by  Mr.  Fletcher,  and  atWrottesley  by  My  Lord 
Wrottesley.  The  discrepancies  are  certainly  greater  than  might  have  been  expected 
under  the  present  easy  state  of  the  object,  but  on  the  whole  a  very  satisfactory  epoch 
is  gained.  Although  stars  had  been  telescopically  observed  in  close  juxtaposition  as 
early  as  the  middle  of  the  seventeenth  century,  the  firm  settlement  of  the  physical 
theory  of  double  stars  by  observation  and  reasoning  was  reserved  for  Sir  William 
Herschel,  whose  sustained  and  indefatigable  researches  from  1779  to  1820  form  the 
broad  basis  of  our  present  sidereal  astronomy.  Of  the  whole  of  the  numerous  ob- 
jects which  compose  his  invaluable  contributions  to  this  crucial  branch  of  knowledge, 
one  of  the  most  interesting  and  momentous  is  assuredly  the  star  y  Virginis,  whose 
observed  and  computed  places  have  genendly  been  found  to  agree  within  the  limits 
assigned  to  probable  errors  of  observation.  This  star  now  presents  a  system  which 
afibrds,  by  actual  changes  both  in  angular  velocity  and  distance — the  former  varying 
inversely  as  the  square  of  the  latter,  with  the  elliptical  orbital  elements  dedudble 
therefrom — incontrovertible  evidence  of  the  physical  connexion  of  its  constituent 
members.  This  binary  star  has  been  very  assiduously  watched  by  various  astrono- 
mers, especially  during  the  last  thirty  years ;  and  the  obtained  results  are  converting 
probability  into  demonstration  respecting  its  being  subject  to  the  same  dynamical 
forces  which  govern  our  own  system.  Every  advance  tends  to  prove  the  universality 
of  the  Newtonian  influence  of  attraction,  obeying  the  Keplerian  law  of  areas.  In  a 
word,  by  warranting  the  conclusion  of  the  inconceivable  extent  of  the  controlling 
agency  of  gravitation,  it  forms  a  wonderfully  sublime  truth  in  astronomical  science. 


On  a  New  Variable  Star  (IL  SagittariiX  discovered  with  the  5  foot  Smythian 
Telescope  of  the  Hartwell  House  Observatory*  By  N.  Pooson.  {Com-' 
municcUed  ^  John  Lbe,  LL.D.y  F.R.S,) 

On  the  limit  of  a  rich  and  widely-spread  group  of  stars.  Professor  Argelander  of 
Bonn  observed  one  of  the  8^  magnitude,  in  his  zone  No.  227,  on  the  night  of 
August  7th,  1849.  Exactly  seven  years  later,  while  carefully  charting  in  the  vicinity, 
I  found  the  assigned  position  unoccupied ;  but  entertaining  no  suspicion  of  vari- 
ability, supposed  an  erratum  to  exist  in  the  published  zone,  and  simply  noted  the 
star  as  **  missing.'^  On  July  3rd  of  the  present  year,  while  looking  over  my  chart 
with  the  Smythian  telescope  (quite  forgetful  of  the  above-named  circumstance),  I 
was  struck  by  finding  a  fine  star  nearly  of  the  eighth  magnitude  not  previously 
recorded  ;  a  micrometer  was  immediately  applied  and  some  observations  taken  with 
the  aid  of  a  sidereal  chronometer  kindly  lent  me  by  the  Royal  Geographical  Society; 
these  however  served  only  to  establish  its  fixity,  thereby  proving  that  it  was  not  one 
of  the  small  planets,  but  most  probably  a  new  variable  star.  Subsequent  compari- 
sons of  its  brightness  with  five  stars  in  the  same  field  of  view,  have  since  confirmed 
tills  conclusion. 

The  uncertain  state  of  the  atmosphere  from  night  to  night,  and  other  caosesi  com* 
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bine  to  render  mere  ettimatioiiB  of  rnggaitude  worthiest  for  determining  the  period 
of  a  variable  star.  It  is  therefore  best  to  select  a  number  of  comparison  stars« 
ranging  in  magnitude  from  the  maximum  brightness  of  the  variable,  to  the  miii«biim» 
vuibile  of  the  telescope,  and  if  possible  in  the  same  field  of  view,  to  assume  the 
mean  of  several  estimations  of  tnese  comparison  stars,  made  on  different  nights,  as 
correct,  and  so  to  note  Uie  difference  of  magnitude  between  the  variable  and  such 
of  the  comparison  stars  as  most  nearly  agree  with  it  in  brilliancy.  Bj  this  meana 
small  variations  which  must  otherwise  escape  notice  may  be  satisfactorily  detected* 
and  a  change  amounting  to  a  whole  magnitude  cannot  possibly  be  overlooked.  The 
following  observations  of  the  new  variable  star  were  by  this  means  obtained : — 

1858,    July    3 8*3  magnitude.  August    1 9*4  magnitude. 

,,    11    80        „  „        8 9-6 

„    19  9-0        „  „      31  11-2 

„    29  9-3         „  Sept      5 11-4         „ 

Combining  these  with  Professor  Argelander's  in  1849,  and  with  my  own  records  of 
invisibility  in  1856,  it  appears  most  probable  that  seven  maxima  occtured  between 
August  7th,  1849,  and  July  3rd,  1858  ;  in  which  case  the  period  will  not  differ  much 
from  465  days,  and  the  next  maximum  will  fall  due  in  September  or  October  1859. 
It  would,  however,  be  premature  to  state  this  as  anything  more  than  a  probable 
surmise,  only  to  be  decided  by  further  observation. 


On  the  Constitution  of  Comets.    By  Dr.  F.  A.  Silje8Tr5m,  qf  Stockholm. 

The  prcfvailing  opinion  about  the  oomets  b,  I  think,  that  these  heavealv  bodies  are 
most  likely  to  consist  of  an  infiniteljr  thin  gas,  or  perhaps  rather  dust.  I  have  tried 
to  show  the  great  difficulty  of  explaming  the  disphaneity  of  the  oomet»  unless  the  ao- 
ealled  "dnst"  is  composed  of  more  or  less  considerable  masses  of  some  dense 
(planetary)  matter  (the  comets  might  be  agglomerations  of  bodies  like  the  metoric 
stones  ?)•  Under  this  supposition,  the  diaphaneity  of  the  comets  may  be  experi- 
mentally represented  by  an  ordinary  rotatory  machine  (used  to  show  the  figure  of 
tibe  earth  as  bong  an  effect  of  her  rotation),  which,  if  the  brass  rin^  have  been 
covered  with  white  paper,  will  show  a  globe  ojf  feeble  white,  through  which  a  candle- 
light may  be  seen  with  undiminished  intensity.  [In  this  experiment  the  rotation 
may  be  considered  only  as  having  the  same  optical  effect  as  in  reality  the  great 
distance.] 

All  the  other  phenomena,  such  as  the  great  variation  in  the  light,  intensity,  the 
changes  of  volume,  fcc.,  seem  to  be  very  easily  explained  in  this  hypothesis.  As  to 
the  taU  of  the  comet,  I  have  tried  to  show  thiU:  it  may  be  not  unsatisfactorily  ex- 
plained bv  a  ring  (also  consisting  of  the  above-named  small  bodies  of  dense  matter) 
surround mg  the  bulk  of  the  comet;  and  indeed  the  comet  of  1813  presented  an 
appearance  almost  like  an  exptrimsntum  crueit  for  tiiiis  hypothesis.  However, 
further  observations  are  necessary  to  establish  any  theory  in  this  belief. 


On  the  successful  establishment^  by  Astronomer  Broun,  of  a  Meteorologieal 
and  Magn&UoeU  Observatory  at  Travancore,  at  62(X)  feet  above  the  Level 
of  the  Sea',  with  Results  of  Magnetioal  Observations  at  Trevandrumi  oe 
communicated  in  a  Letter  from  Mr.  Bronn  to  General  Sir  Thomas  Bris« 
bane.    By  Colonel  Sykbs,  F.B.S. 

The  author, — after  giving  a  graphic  account  of  the  wild  and  difficult  country  in 
which  Mr.  Broun,  now  Astronomer  to  the  lUyah  of  Travancore,  formerly  assistant 
to  Sir  T.  Brisbane,  and  the  dangers  he  had  to  encounter  from  vrild  beasts  as  well  as 
the  difficulty  of  inducing  the  necessary  workmen  and  labourers  to  encounter  the  cold 
as  well  as  the  dangers  of  these  elevated  regions,  having  many  nights  to  sleep  ex- 
posed to  the  weather  and  to  heavy  rains  whUe  the  observatory  was  CQBStnKtiog*-* 
sead  the  foUowiag  letter  t — 
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**  Trcvandrum  Obttnratory,  July  10. 
"  My  dear  Sift, — One  of  the  flrBt  results  which  I  obtained  from  the  observations 
made  in  yoar  observatory  at  Makerstoan,  waa  the  annual  law  of  variation  of  the 
horizontal  force  of  the  earth's  magnetism ;  the  law,  namely,  that  the  force  was  a 
maximum  near  the  solstices  and  a  minimum  near  the  equinoxes.  This  law  was 
communicated  by  me  to  the  British  Association  in  1846, — coofirmed  by  a  discussion 
of  the  Toronto  Observations  for  1842 ;  it  was  also  confirmed  by  the  results  for  other 
years  at  Makerstoun,  in  a  paper  read  to  the  Royal  Society  of  Edinbur^  January  5, 
1846.  I  aftsrwards  further  confirmed  it  by  the  results  of  observations  made  at 
Munich,  by  Dr.  Lamont,  in  the  years  1643-45*  Persons  interested  in  these  questions 
who  have  examined  plate  4  accompanying  the  paper  already  cited,  must  have  re- 
marked the  symmetrical  and  well-diaracterized  carves  (No.  8),  which  represent  the 
movement  of  the  daily  mean  force  from  the  beginning  of  Januarr  till  the  end  of 
March,  1844.  It  most  have  appeared  carious  uat  Makerstoun  should  have  becni 
the  only  place  where  such  carves  have  been  produced,  or,  at  least,  that  no  other 
place  has  shown  anything  resembling  them.  The  exhibition  of  the  annual  law  de- 
pends so  much  on  a  permanent  magnet,  an  undisturbed  instrument,  and  well-cor- 
rected  observations,  that  it  may  have  seemed  less  curious  that  different  results  for 
this  period  should  have  been  obtained.  As  I  was  satisfied  that  the  curves  referred 
to  w^e  real  representatives  of  the  daily  variation  of  force,  I  was  anxious  to  compare 
carefiilly  other  observations  for  the  purpose  of  showing  to  what  extent  the  law  was 
similar  at  other  places.  After  I  had  arranged  anew  the  observatory  of  His  Highness 
die  R^jah  oi  Travanoore  here,  and  established  another  on  the  highest  peak  of  our 
Ghats,  I  commenced  an  examination  of  the  observations  made  at  Trevandrum  in 
1844  by  my  predecessor,  the  late  Mr.  Caldecott.  Hiese  observations  had  never  been 
connected  for  temperature,  nor  indeed  had  ^e  coefficients  been  determined ;  and  on 
my  first  researches,  as  the  observations  did  not  quite  satisfy  me,  I  put  them  aside« 
On  discussing  them  carefully,  however,  about  a  year  ago,  having  determined  the 
necessary  corrections  myself,  I  was  much  gratified  to  find  that  the  results  at  Trevan- 
drum in  1844  agreed  perfectly  with  those  at  Makerstoun.  This  fact  I  announced  in 
the  following  terms  ia  a  letter  sent  to  £ngland  in  the  beginning  of  this  year : — '  The 
relative  changes  of  mean  horizontal  force  are  the  same  all  over  the  globe :  and  the 
changes  from  day  to  day  of  the  mesn  horizontal  force  at  different  places  on  the  earth's 
surface  are  nearly  equal,  the  unit  in  each  case  being  the  whole  value  of  the  horizontal 
force  at  the  place.  In  other  words,  the  changes  of  mean  horizontal  force  from  da^ 
to  day  are  in  the  same  direction  all  over  the  globe,  and  are  proportional  to  the  hon- 
aontal  forces  at  the  places;  the  different  effect  of  disturbance  due  to  its  diumid 
period  and  the  different  directions  of  the  secular  change  being  allowed  for.'  It  was 
attempted  in  this  paragraph  to  give  a  general  statement  of  the  result, — I  shall  attempt 
here  to  be  somewhat  more  definite.  The  chain  of  observatories  of  the  British 
Government  confirmed  and  extended  the  result  first  due  to  Celsius  and  Graham,  and 
afterwards  to  Arago  and  Kupffer,  that  magnetic  perturbations  are  felt  simultaneously 
at  places  widely  distant ;  but  the  conclusion  did  not  go  beyond  this — ^it  appeared 
that  even  for  moderate  disturbances  of  one  element  at  one  place,  some  element,  it 
might  not  be  the  same,  showed  disturbance  at  the  other  place.  Havioff  satisfied 
myself  of  the  great  similarity  of  the  variations  of  force  at  Irevandrum  and  Makers- 
toun, I  could  have  no  doubt  but  the  same  result  would  be  obtained  from  moderately 
good  instruments  at  other  places ;  I  accordingly  undertook  the  discussion  of  obser- 
vations at  Hobarton,  Van  Diemen's  Island,  the  Cape  of  Good  Hope,  and  several 
other  places.  As  I  had  to  obtain  the  temperature  coeMcients  and  to  correct  the 
observatAons  by  my  own  processes,  the  reductions  were  necessarily  laborious.  I  first 
corrected  the  observations  at  Hobarton,  and  compared  the  montnly  mean  values  at 
the  two  stations.  I  found  not  only  that  the  annual  law  was  the  same  at  the  two 
stations,  Makerstoun  and  Hobarton,  but  that  the  changes  of  the  individual  monthly 
means  followed  generally  the  same  law  throughout  the  years  1844, 1845, 1846, 1847, 
and  1848,  though  the  diurnal  series  of  observations  at  Makerstoun  were  incomnlete 
in  the  last  three  years.  The  secular  change  seems  to  obev  the  same  law  at  bo^ 
stations,  but  the  amount  is  greater  at  Hobarton  than  Makerstoun.  This  will  be 
seen  by  comparison  of  the  monthly  means  in  parts  of  the  horizontal  force  at  the  re- 
spective places  for  the  year  1845  ^— 
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1845.  Hobarton.  Makeretoon.  Difference. 

Janaary -002565  '000943  '001623 

February '003033  '001013  "002010 

March -003327  '000988  '002239 

April -003206  -000890  '002316 

May '003593  '001340  '002253 

June  '003920  '001645  '002275 

July '003813  '001572  '002241 

August '003737  '001407  '002330 

September -003625  '001078  '002547 

October -003982  -001461  -003521 

November -004313  -001851  '003461 

December '004473  -001895  '002577 

An  examination  of  the  means  given  above  will  show  that  they  follow  similar  laws 
at  both  places^  ^e  average  variation  of  the  amounts  of  difference  from  month  to  month 
being  only  about  one  ten-thousandth  (TTi(nr)  ^^  ^^^  whole  force,  a  change  that 
would  be  produced  by  a  variation  of  half  a  degree  Fahrenheit  in  the  temperature  of 
the  magnet ;  and  this  amount  includes  the  differences  due  to  different  secular  change 
and  different  effect  of  disturbance.  The  above  numbers,  however,  are  far  from  giving 
an  idea  of  the  great  resemblance  in  the  monthly  mean  variations  at  the  two  places. 
It  will  be  some  evidence  of  their  agreement,  that  I  was  enabled,  after  projecting  the 
mean  annual  curves  for  Hobarton  and  Makerstoun,  to  point  out  that  two  monthly 
means  for  Hobarton  were  probably  inaccurate.  An  examination  of  the  printed 
observations  showed  that  this  was  the  case — that  one  monthly  mean  was  erroneously 
calculated,  the  other  error  being  probably  typographical,  llie  former  error  was  less 
than  two  scale  divisions,  or  a  quantity  which  would  be  produced  by  a  change  of  2P 
Fahr.  in  the  temperature  of  the  magnet.  As  it  was  desirable  to  com  pare  the  monthly 
mean  variations  more  minutely  than  can  be  done  from  the  twelve  values  for  each  year, 
I  combined  the  observations  in  a  manner  differing  somewhat  from  that  hitherto 
adopted.  The  usual  plan  has  been,  in  examining  the  variation  from  month  to  month, 
to  employ  only  those  values  corresponding  to  the  middle  of  the  months,  or  the  means 
of  the  observations  from  the  first  to  the  last  day  of  each  month ;  and  in  order  to 
obtain  from  these,  the  law  of  variation,  the  epochs  of  maximum  and  minimum,  the 
means  are  projected,  a  curve  being  passed  through  or  among  the  points ;  or  the 
means  are  considered  functions  of  the  line  of  the  sun's  longitude  and  the  values  for 
different  epochs  are  calculated.  Where  merely  general  results  are  desired,  and  where 
the  means  for  a  number  of  years  are  combined,  either  process  is  sufficient ;  but 
neither  is  satisfactory  when  we  vrish  to  note  the  changes  of  force  as  they  exist  for 
short  periods.  For  this  purpose,  I  have  obtained  the  means  of  the  observations  made 
from  the  1st  to  the  28th  inclusive,  from  the  2nd  to  the  29th,  and  so  on ;  so  that  if 
observations  had  been  made  on  every  day  of  the  week,  we  should  have  in  tiiis  way 
a  monthly  mean  corresponding  for  its  middle  point  to  each  day  of  each  month,  eacn 
period  containing  a  lunation.  The  result  obtained  was  as  follows : — the  monthly 
mean  values  of  the  horizontal  forceof  the  earth's  magnetism  at  Makerstoun,  Hobarton, 
Trevandrum,  &c.,  obey  the  same  law, — the  minute  variations  of  the  monthly  mean 
being  shown  similarly  at  all  the  places,  but  the  relative  amounts  of  the  changes  are 
sometimes  greater  at  ojie  place,  sometimes  at  another. 

I  was  now  led  to  consider  the  variations  of  the  daily  mean  magnetic  force.  In  the 
observations  issued  from  the  Colonial  observatories,  the  daily  means  for  eachGottingen 
astronomical  day  are  given :  atMakerstoun  and  in  several  other  observatories,  the  civil 
day  of  the  place  has  been  taken.  Both  methods  have  advantages ;  a  disadvanta^  of 
the  former  method  is,  that  as  no  observations  were  made  on  Sundays,  someobservations 
made  on  Saturday  had  to  be  combined  with  some  observations  on  Monday  to  form  one 
of  the  six  daily  means  in  each  week, — so  that  one  daily  mean  in  six  was  not  comparable 
with  the  mean  of  any  other  place  not  in  the  same  meridian.  It  was  obvious,  how- 
ever,  that  for  my  purpose  one  daily  mean  from  twenty- four  hourly  observations  was 
insufficient ;  it  was  necessary  to  obtain  a  daily  mean  for  each  hour,  as  I  had  obtained 
a  monthly  mean  for  each  day.  Thus  I  combined  the  twenty-four  observations  from 
midnight  on  Sunday  till  11  o'clock  on  Monday  night  for  the  first  mean  of  the  week, 
1  ▲•!(•  till  12  P.M.  of  Monday  for  the  second  mean,  and  so  on.    In  this  way  190 
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daily  means  were  obtained  for  each  week.  It  was  not  possible^  however,  for  me  to 
reduce  and  discuss  the  observations  for  a  long  period  in  this  way ;  I  therefore  limited 
myself,  as  regards  the  changes  of  mean  daily  force,  to  the  six  weeks  commencing 
January  28,  ending  March  9, 1844,  to  which  period  belongs  one  of  the  most  symme- 
trical curves  projected  in  plate  4  already  cited.  I  performed  this  discussion  for  six 
places  included  within  the  latitudes  of  42^  South  and  55^  North,  and  I  found  that 
the  changes  of  daily  mean  force  from  day  to  day  followed,  on  the  whole,  the  same 
law  at  all  the  places.  Hie  differences  and  the  exaggeration  of  some  of  the  move- 
ments, especially  in  high  latitudes,  seem  to  depend  on  the  different  values  of  the  dis- 
turbance at  different  places ;  but  so  exactly  do  the  curves  in  their  general  forms  (and 
frequently  in  their  more  minute  inflexions)  follow  each  other,  that  we  might,  were 
the  curves  for  each  place  presented  separately,  suppose  that  they  were  the  same 
curve.  The  sudden  changes,  and,  indeed,  with  a  few  exceptions,  all  the  turniug 
points,  occur  nearly  simultaneously  over  the  globe  within  the  limits  considered. 
There  seems  to  be  a  period  of  about  two  days  and  a  half,  or  of  about  sixty  hours, 
for  which  I  can  offer  no  hypothesis.  This  period  is  exhibited  more  markedly  some* 
times  near  the  equator,  sometimes  in  high  north  latitudes ;  but  in  general  Hobarton 
has  the  movements  slightly  smaller  than  the  other  stations ;  but  this  may  depend  on 
the  epoch  of  the  year.  I  can  see  no  connexion  between  these  points  and  the  posi- 
tion either  of  the  sun  or  moon.  I  can  form  no  other  hypothesis  than  this,  that  they 
exhibit  the  variations  of  the  intensity  of  a  distant  magnet.  If  we  suppose  a  power- 
ful magnet  to  act  at  a  distance  by  induction  on  a  smaller  magnet,  we  might  expect 
that  the  law  of  distribution  of  magnetism  in  the  smaller  magnet  would  be  unaltered, 
and  that  the  variation  in  the  force  of  the  inducing  magnet  would  be  shown  on  the 
induced  magnet.  If  the  induced  force  were  small  compared  with  the  proper  force 
of  the  induced  magnet,  the  variation  due  to  induction  at  any  point  might  be  taken 
as  proportional  to  Uie  force  at  that  point.  This  conclusion  is  not  far  from  the  result 
of  these  discussions.  The  whole  range  of  the  curve  of  February  1844,  may  be  re- 
presented approximately  by  U  at  Hobarton,  12|  at  Trevandrum,  13  at  the  Cape  of 
Good  Hope,  and  14  at  Makerstoun,  the  unit  in  each  case  being  0*00014  of  the  whole 
horizontal  force  at  the  place.  The  values  of  these  forces  are  approximately,  in  Eng- 
lish units,  4*5, 7*8, 4-5, 3*4.  The  total  forces  are  approximately  13-6,  8'1, 7'6, 10'6. 
The  comparative  values  of  the  range  given  above  cannot  be  quite  accurate ;  they 
depend  on  the  unit  coefficient  of  the  instruments  having  been  accurately  determined, 
which  is  by  no  means  certain  in  most  cases.  Even  on  the  theory  suggested,  it  should 
be  remembered  that  the  inductive  capacity  may  vary  In  different  parts  of  the  terres- 
trial magnet.  The  differences  of  the  mean  movements  are  small,  however,  when  we 
consider  that  the  law  and  amount  of  disturbance  vary  with  the  latitude.  Indeed, 
the  general  agreement  of  the  curves  at  different  places  lead  one  to  conclude  that  the 
vertical  force,  and  therefore  the  total  force  as  well  as  the  magnetic  dip,  obey  the 
same  laws.  The  diurnal  variations  of  the  magnetic  declination  may  be  supposed  due 
to  two  opposing  forces  acting  at  right  angles  to  the  magnetic  meridian.  From  a 
comparison  that  I  have  made  between  the  daily  mean  values  of  the  magnetic  decli- 
nation at  Makerstoun  and  Hobarton,  I  conclude  that  the  mean  declination  also  fol- 
lows similar  laws,  the  north  end  of  the  declination  magnet  moving  generally  in  the 
same  direction  at  both  places.  The  variations  of  the  daily  mean  force  from  hour  to 
hour  are  felt  simultaneously  on  all  meridians,  and,  as  I  have  said,  they  appear  to  be 
independent  of  the  position  of  the  sun  or  moon.  Within  the  limits  specified,  then, 
we  may  say  that  the  magnetic  intensity  of  the  earth  increases  as  a  whole  or  dimi- 
nishes as  a  whole :  it  does  not  increase  at  one  place  and  diminish  at  another.  These 
results  are  quite  different  from  those  for  the  variations  of  hourly  mean  force.  The 
latter  varies  with  the  latitude  and  the  sun's  position  (longitude  and  hour-angle). 
The  horizontal  force  is  greatest  near  the  equator  shortly  before  noon ;  it  is  least  at 
the  same  time  in  high  latitudes.  If  we  suppose,  then,  that  the  variations  of  daily 
mean  force  are  due  (for  instance)  to  the  varying  force  of  the  solar  magnet,  we  must 
conclude  that  it  acts  on  the  whole  tenestrial  magnet  simultaneously,  so  that  there  is 
an  increase  or  diminution  of  force  everywhere  at  the  same  time.  This  hypothesis, 
however,  will  not  explain  the  diurnal  variation,  and  we  must  suppose  that  it  is  pro- 
duced by  a  wholly  different  mode  of  action.  I  have  suggested  that  these  variations 
sr9  due  to  the  inducing  action  of  the  sun  shifting  the  isodynamic  lines,  the  direction 
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of  the  lilies,  and  of  the  fthift  determiniiig  the  epoche  of  maiimum  and  miniffittta.  tt 
is,  indeed,  obvious  that  the  reeolt  is  equivalent  to  a  movement  of  these  lines ;  but 
virhether  the  inducing  action  is  experienced  by  the  earth's  surface,  of  its  atmosphere, 
was  not  evident.  1  think  I  can  prove  satisfactorily  that  the  diurnal  variation  is  not 
due  to  the  sun's  heating  povrer,  v^hether  on  the  earth's  surface  or  its  atmosphere ; 
but  that  it  may  be  due  to  the  stm^s  magnetic  action  on  the  atmosphere,  is,  it  appears 
to  me,  much  more  probable.  I  have  said  in  the  letter  already  referred  to  that  the 
diurnal  variation  of  the  magnetic  declination  Is  least  near  the  equator  where  the  dip^ 
ping^needle  is  parallel  io  the  terrestrial  axis, — so  I  believe  it  will  be  found  that  the 
diurnal  variation  of  dip  and  of  force  is  least  in  mean  latitudes,  where  the  dipping- 
needle  is  aMly  perpev^Ueular  to  the  earth's  axis. 

*'  I  am,  ace,  JoHK  AtUff  Baotrw/* 


SouMD. 
On  the  MathmaHcal  Theory  ef  Sound.    By  ^  Rev.  S.  EarnsAaw. 

The  author  adverted  to  the  circumstance,  that  the  only  impediment  to  the  com- 
plete development  of  the  mathematical  theory  of  sound  nas  hitherto  been  the  dif- 
ficulty of  integrating  the  partial  differential  equation  /^j  tJ^^Mjj*    As  an  ap* 

proximative  mode  of  surmoontingthis  difficulty,  it  has  been  usual  to  assume  l^\  b  L 

But  the  author  suggested  that  the  legitimacy  of  that  step  is  by  nO  means  evident ; 
and  that  the  true  test  of  the  allowableness  of  it  is  a  knowledge  of  the  change  wliicli 
must  take  place  in  the  constitution  of  the  atmosphere,  in  order  that  (■;^)^fi(-S\ 
may  be  the  ewaoi  equation  of  motion*  In  this  way  it  will  be  seen  whether  the  physieal 


change,  represented  by  assuming  (^)  =  1,  be  of  such  a  minute  character  as  io  be 
allowable.  From  this  it  was  inferred  that  the  equation  which  represents  the  proper- 
ties of  sound  does  not  admit  of  the  assumption  (-f)^^  1*    '^^  reason  why  this 

assumption,  though  analytically  allowable,  is  not  allowable  in  the  problem  of  sound, 
is  that  in  that  assumption  quantities  are  neglected  which  (in  the  case  of  sound) 

represent  essential  properties  of  wave-motion,  so  that  the  equation  -j^^^  /*  -j-f  ii 

of  CM 

not  an  approximation,  and  from  it  nothing  can  be  inferred  but  that  the  assumption 
/J!j  =s  1  is  not  admissible.    The  result  of  this  reasoning  is,  that  the  equation 

yaF(4?  -I-  oO  -^/(tt-^at),  which  has  hitherto  been  the  basis  of  explanation  in 
treatises  on  Sound,  has  nothing  whatever  to  do  with  sound,  but  represents  the 
motion  of  a  wave  in  an  imaginary  elastic  medium  of  a  constitution  very  different 
from  that  of  the  atmosphere  and  of  all  known  gaseous  media.  The  mathematical 
theory  of  sound  is  consequently  put  back  to  its  differential  equations,  beyond  which 
not  an  inch  of  ground  can  be  maintained.    Till  the  differential  equation  is  integrated 

accurately,  without  assuming  |  ^|  =  1,  do  advance  can  be  made,  and  science  remains 

without  a  mathematical  theory  of  sound.  The  author  then  announced  that  he  has 
succeeded  in  integrating  the  differential  equation  of  sound  without  approximative 
assumptions ;  that  he  has,  in  fact,  obtained  its  evac/  integral ;  and  in  the  result  has 
possessed  himself  of  the  key  to  the  ▼arious  properties  of  sound.  Among  several 
other  things,  it  was  stated  that  the  exact  integral  accounts  for  the  great  dificulty 
which  experimenters  have  found  in  obtaining  accordant  velocities  of  sounds, — foi 
4he  sweetness  of  musical  sounds,-^for  the  rapid  decay  of  vioknt  eottnds  as  they  ff* 
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gresfl,— 'and  proves  that  the  veloeity  with  which  a  sound  is  transmitted  through  the 
atmosphere  depends  on- the  degree  of  violence  with  which  it  was  produced,  and  not 
(as  in  light)  on  the  length  of  the  wave }  so  that  sounds  of  every  pitch  will  travel  at 
the  same  rate,  if  their  genesb  do  not  differ  much  in  violence  ;  but  a  violent  sound, 
as  the  report  of  fire-arms,  will  travel  sensibly  faster  than  a  gentle  sound,  such  as  the 
human  voice.  This  last  property  the  author  stated  to  have  caused  him  much  trouble, 
in  consequence  of  its  being  directly  opposed  to  the  testimony  of  almost  every  expe- 
rimenter. For  many  affirmed,  as  the  direct  result  of  their  observations,  and  othera 
assumed,  that  all  sounds  travel  at  the  same  rate*  Fortunately,  it  transpired  at  ti^ 
Meeting,  that  in  Captain  Parry's  Expedition  to  the  North,  whilst  making  experiments 
on  sound,  during  which  it  was  necessary  to  fire  a  cannon  at  the  word  of  oommand 
given  by  an  officer,  it  was  found  that  the  persons  stationed  at  the  distance  of  three 
miles  to  mark  the  arrival  of  the  report  of  the  gun,  always  beard  the  report  of  the 
gun  before  they  heard  the  command  to  fire ;  thus  proving  that  the  sound  of  the  gun's 
report  had  outstripped  the  sound  of  the  officer's  voice;  and  confirming  in  a  remarkable 
manner  the  result  of  the  author's  mathematical  investigations,  that  the  velocity  at 
•ound  depends  in  some  degree  on  its  intensity* 
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On  the  FormaUon  qf  BaUy  as  iUustraUd  by  Local  Storms. 
By  W.  R.  BowDiTCH,  B.A. 

With  the  fourth  or  fifth  fiash  of  lightning  fell  hailstones  which  averaged  from  half 
an  inch  to  an  inch  in  diameter.  These  hailstones  accompanied  e^er^  fiash,  which 
appeared  to  come  from  the  zenith  to  the  place  where  I  was  standing;  nut  as  soon  as 
the  storm  had  passed  away  so  far  that  the  interval  between  the  fiash  and  report  was 
appreciable,  the  hail  either  did  not  reach  us,  or  but  a  very  few  hailstones  fell  mingled 
with  heavy  rain.  Between  the  fiashes  rain  only  M :  voith  the  flash  came  a  volley  of 
hailstones,  and  gradually  a  few  drops  of  rain  would  mingle  with  the  hail,  until  at 
length  rain  only  was  falling.  The  transition  from  rain  to  hail  was  sharp  and  well- 
defined  ;  that  from  hail  to  rain  very  eradual. 
•    The  hailstones  which  fell  were  of  tnree  kinds : — 

I.  Solid  balls  of  ice  having  two  or  three  small  bubbles,  or  one  larger  one  contain* 
ing  air. 

II.  Balls  of  which  from  half  to  two-thirds  consisted  of  solid  ice,  the  remainder 
being  water  and  air  enclosed  in  a  crust  of  ice. 

HI.  Balls  formed  of  an  outer  crust  of  ice  containing  water  and  air.  In  soma 
instances  this  icy  crust  was  so  thin  as  to  be  broken  by  the  fall  (diough  all  which  I 
examined  fell  upon  straw),  while  in  others  it  was  thicker,  and  bore  conaiderable 
pressure  before  it  broke. 

In  form  the  hailstones  were  spheroidal,  sensibly  bulged  at  the  part  corresponding 
to  the  equator  on  a  globe,  and  depressed  at  the  parts  corresponding  to  the  two  tro- 
pics and  the  arctic  and  antarctic  circles ;  and  in  manv,  if  not  all,  cases  slightly 
elevated  at  the  two  poles.  My  attention  was  specially  airected  to  this  latter  point, 
and  although  in  some  instances  the  elevation  (if  any)  was  insufficient  to  warrant  a 
judgment  without  measurement,  in  many  no  doubt  whatever  could  be  entertained, 
for  the  polar  portion  was  evidently  tending  to  form  a  point.  It  appeared  as  if  the 
drop  had  been  originally  a  perfect  sphere,  which,  by  rotation  on  its  own  axis  had 
become  formed  as  found,  and  had  then  suffered  congelation.  The  bulging  towards 
the  equator,  and  the  elevation  at  the  poles  appeared  the  complements  of  the  depres- 
sions above  described. 

The  regularity  and  perfection  of  form  of  these  bodies  forbid  the  notion  of  gradual 
accretion  in  their  descent,  and  put  beyond  question  the  fact  of  their  form  being  due 
to  the  action  of  a  natural  law  upon  fiuid  bodies  placed  in  the  same  circumstances. 
It  is  to  be  hoped  that  other  observations,  or  direct  experiments,  may  enable  us  to 
ascertain,  whether  this  is  the  normal  fbrm  of  drops  ctf  water  MUng  freely  ai^l  rapidly 
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throagh  ftir«  and  afterwards  solidified  in  a  Tacaam.    The  author  adds  some  theo* 
retical  considerations  in  explanation  of  the  formation  of  hail. 


Further  Evidence  of  Lunar  Influence  on  TempercUure. 
By  J.  Fark  Harrison,  MjI. 

In  illustration  of  the  effects  of  lunar  influence*  tiie  author  adduced  proofs  of  the 
frequent  recurrence  of  high  and  low  temperatures  on  the  same  day  of  tiie  moon's 
age,  and  also  at  shorter  lunar  intervals,  not  only  at  Greenwich  and  Dublin*  but  at 
Madras,  Toronto,  and  the  Cape  of  Good  Hope.  He  also  expressed  his  belief  that 
the  fall  in  temperature  which  takes  place  at  full  moon,  before  first  quarter,  and 
shortly  after  last  quarter*,  is  due  to  the  clearing  of  the  atmosphere  at  those  periods, 
and  the  higher  temperature  about  the  period  of  new  moon  and  first  ouarter  to  a 
more  clouded  state  of  the  sky,  the  effects  observed  being  attributed  to  tne  action  of 
terrestrial  radiation.  In  a  subsequent  communication  attention  was  drawn  to  the 
very  different  degree  of  heat  which  the  moon's  crust  attains  at  first  and  last  quarters  ; 
and  to  the  general  clearness  of  the  sky  at  the  periods  of  greatest  fall  in  temperature 
in  the  months  of  January  and  May. 


On  the  Decrease  (f  Temperature  over  Elevated  Ground. 
By  Professor  Hsnnesst,  P.R.S. 

The  author  showed  that  the  decrease  of  temperature  in  ascending  through  the 
atmosphere  depended  not  only  on  height  above  the  sea-level,  but  also  upon  the  abso- 
lute height  above  the  nearest  surface  of  solid  land.  As  the  temperature  of  the  air 
at  any  point  depends  not  only  on  the  pressure  at  that  point,  but  also  on  the  amount 
of  heat  which  may  be  transferred  thiUier  by  circulation  and  radiation,  it  must  be  a 
function  of  the  several  elements  upon  which  these  calorific  influences  depend.  It 
must  therefore  vary  with  the  distance  of  the  point  from  heating  or  cooling  surfaces, 
as  well  as  with  its  height  above  the  sea.  It  will  also  depend  upon  the  time  of  the 
day,  and  even  on  the  season  of  the  year,  for  the  energy  of  the  causes  referred  to  ia 
manifestly  subjected  to  periodical  variations  depending  upon  the  position  of  the  sun. 
The  increase  of  temperature  observed  in  ascending  for  short  distances  above  the 
ground  during  the  night,  and  even  sometimes  during  the  day  f,  will  thus  have  its 
anomalous  character  explained.  In  this  wa^  the  decrease  of  temperature  over  plains, 
mountains,  and  plateaux  would  be  necessarily  very  different ;  and  we  cannot  imme- 
diately infer  the  state  of  the  phenomena  in  the  two  latter  instances  from  what  may 
exist  in  the  former.  Some  of  the  results  of  observations  made  on  the  hills  and 
mountains  of  Ireland  during  the  Ordnance  Survey,  as  contained  in  the  volume  recently 
published  by  Col.  James,  were  referred  to  as  illustrations  of  these  general  views. 


On  the  Heating  of  tlie  Atmosphere  by  Contact  ttnth  the  EartKs  Swrfitee* 
By  Professor  Hennessy,  F.R.S. 

The  temperature  of  the  atmosphere  depends  principally  on  the  heat  which  the  earth 
receives  from  the  sun,  and  on  what  it  loses  by  radiation.  A  portion  of  the  solar  heat 
is  absorbed  in  passing  through  the  air,  while  another  portion  penetrates  to  the  earth's 
surface.  The  ground  becomes  thus  heated,  and  the  lower  strata  of  the  atmosphere 
acquire  the  greater  part  of  their  heat  from  contact  with  the  warmed  surface.  It  is 
admitted  that  the  mode  in  which  the  air  becomes  heated  by  contact  with  the  ground 
roust  be  a  kind  of  circulation  analogous  to  that  seen  in  the  movements  of  a  heated 
mass  of  liquid,  such  as  boiling  water.  When  studying  the  vertical  movements  of 
the  atmosphere,  with  reference  to  which  Prof.  Hennessy  had  made  a  communication 
to  the  Association  last  year,  he  had  been  led  to  consider  the  connexion  between  such 
movements  and  the  influence  of  the  heated  ground.  In  order  to  study  the  ques- 
tion experimentally,  thermometers  were  suspended  at  different  heights  above  the 
ground,  and  under  different  circumstances  of  exposure  to  the  influence  of  the  sup- 

*  See  Report  for  1857,  p.  249. 

t  See  Prof.  Forbes  in  Reporu  of  the  British  Association  for  1840,  p.  60. 
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posed  cnrrents*  ObBervations  were  made  every  minute,  and  sometimes  every  naif 
minute,  during  short  intervals,  about  the  middle  of  the  month  of  May,  on  days  when 
the  sky  was  dear,  and  during  which  there  was  consequently  a  great  deal  of  solar 
radiation.  The  following  are  the  principal  results  observed :  the  mercury  in  each 
thermometer  rose  and  fell  alternately  during  intervals  varying  from  about  half  a 
minute  up  to  six  minutes.  The  extent  of  the  oscillations  was  sometimes  very  con- 
Biderable  in  thermometers  freely  exposed  to  the  ak ;  the  mercury  sometimes  rising 
or  falling  nearly  three  degrees  in  three  nfinutes.  In  general  the  thermometers 
exhibited  fluctuations  of  temperature,  the  intensity  of  which  diminished  the  more 
they  were  protected  from  the  influence  of  circulating  currents  in  the  air.  The  great- 
est fluctuations  were  presented  by  thermometers  with  blackened  bulbs  exposed  in  the 
8un.  This  arose  from  the  circumstance  that  the  blackened  bulbs,  by  acquiring  a 
high  temperature,  became  themselves  dbturbing  agents  in  the  calorific  conditions  of 
the  surrounding  air.  Evidence  of  similar  phenomena  appears  to  be  presented  by 
tiie  curves  of  temperature  obtained  by  the  aid  of  photographical  registration  at  the 
Radclifle  Observatory  in  Oxford.  The  application  of  photography  to  the  continuous 
registration  of  atmospherical  conditions,  has  been  carried  out  in  that  Observatory 
with  so  much  care,  and  has  been  attended  witii  such  remarkable  success,  as  to  have 
already  allowed  its  able  director  to  deduce  results  of  considerable  interest  in  meteor- 
ology. Among  these  are  results,  which  observations  made  merely  at  stated  hours 
would  probably  never  have  disclosed*.  Attention  has  been  called  by  Mr.  Johnson 
to  a  remarkable  serration  in  the  temperature  curves  during  the  da^.  This  serration 
is  found  only  when  there  is  a  considerable  amount  of  solar  radiation ;  it  disappears 
daring  sunless  and  cloudy  weather.  While  it  is  explained  by  referring  it  to  the  in- 
fluence of  the  solar  heat  upon  the  ground,  and  the  consequent  circulation  of  small 
atmospheric  currents,  it  affords  a  very  satisfactory  confirmation  of  the  trustworthi- 
ness of  the  photographical  method  of  registration. 

The  following  Table  presents  a  specimen  of  the  observations  made  on  May  1 1 
with  two  thermometers,  one  of  which  (a)  had  its  bulb  plunged  0*25  inch  below  the 
open  mouth  of  a  bell-glass,  and  the  other  (b)  was  freely  suspended  in  the  air. 

Mat  II. 
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On  plungjn^  tiie  bulb  of  (a)  more  deeply,  the  amplitude  of  its  fluctuations  pro- 
gressively dimmished,  and  they  ceased  almost  entirely  when  the  bulb  was  14  inches 
below  the  edge  of  the  bell-glass. 

*  See  Beport  of  the  British  Association  for  1855|  Trans.  Sect.  p.  40.  See  also  Intro- 
duction to  the  Meteorological  Observations  made  at  the  Radcliffe  Observatory  in  the  year 
1857,  p.  zjoiv. 
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Nm  an  Refifwtion.    By  ColoQel  Jam xs,  F,R,S. 

Colonel  James,  Director  of  tbe  Ordnance  Survev,  referred  to  the  resalts  obtained 
in  the  course  of  the  trigonometrical  operations  of  tne  survey.  It  was  found  that  the 
refraction  of  the  atmosphere  was  very  great  in  the  morning,  that  it  diminished 
towards  the  middle  of  the  day,  and  then  again  gradually  increased  towards  evening ; 
this  he  attributes  to  the  greater  amount  of  aqueous  vapour  in  the  lower  portion  of 
the  atmosphere  in  the  morning  and  evening,  as  compared  with  the  amount  in  the 
middle  of  the  day.  ____ 

On  the  Daily  Comparison  of  an  Aneroid  Barometer  with  a  Board  of  Trade 
Barometer  by  Captains  of  Ships  at  Sea,  By  Dr.  LsBr 
The  author  submitted  tables  of  considerable  length  detailing  the  results  that  had 
been  obtained  during  a  voyage  from  London  to  Madras  and  back  again,  and  the 
conclusions  he  made  were  as  follow : — ^That  aneroid  barometers,  if  often  compared 
with  good  mercurial  columns,  were  similar  in  their  indications,  and  valuable;  but  at 
the  same  time  it  ought  to  be  remembered  that  they  were  not  independent  instru^ 
ments ;  that  they  were  set  originally  by  a  barometer ;  required  adjustment  occasion* 
ally;  and  might  deteriorate  in  time,  though  slowly.  The  aneroid  was  auick  in 
showing  the  variation  of  atmospheric  pressure,  and  to  the  navigator  (who  knew  at 
times  the  difficulty  of  using  barometers)  this  instrument  was  a  great  boon«  for  it 
could  be  placed  anywhere  out  of  harm's  way,  and  was  not  affected  by  the  ship's 
motion,  although  faithfully  giving  indication  of  increased  or  diminished  pressare  of 
air.  The  aneroid,  which  is  exhibited,  had  been  carefully  and  daily  observed  by  Cap* 
tain  Toynbee,  of  the  '  Gloriana,'  during  hia  recent  voyage  to  Madras. 

On  the  Construction  of  a  Portable  Self^egistering  Anemometer  for  reoording 
the  direction  and  amount  of  Horizontal  Motion  of  the  Air*  By  F» 
OSLBB.  F.R.S. 

In  this  instrument  the  direction  of  the  wind  is  obtained  by  fans,  similar  in  prin- 
ciple to  those  at  the  back  of  a  windmill,  as  in  some  anemometers  now  in  use,  and 
the  horizontal  motion  by  Dr.  Robinson's  revolving  hemispherical  cups.  The  mode 
of  registration,  however,  is  such  as  to  enable  the  instrument  to  be  constructed  much 
more  compactly  than  heretofore.  The  direction  of  the  wind  is  recorded  by  means  of 
three  pencils  inserted  in  an  endless  band,  or  flat  chain  working  over  two  pulleys  of 
equal  size,  one  of  which  is  on  the  same  shafl  as  the  vane,  and  revolves  with  it ;  the 
distance  between  the  centres  of  the  pulleys,  and  also  between  the  pencils,  being  equal 
to  the  circumference  of  one  pulley,  that  is  to  one  revolution  of  the  vane.  By  this 
arrangement  one  of  the  three  pencils  is  always  making  its  record  on  a  small  hori- 
zontal cylinder,  over  which  passes  a  long  band  of  metallic  paper  about  5  inches  wide. 
The  cylinder,  being  connected  with  the  shaft  turned  by  the  revolving  cups,  moves  at 
a  rate  proportionate  to  Xhe  velocity  of  the  air.  Stationary  pencils  rule  lines  on  the 
paper  as  it  is  wound  forwards  by  the  motion  of  the  air,  and  indicate  the  cardinal 
points.  Upon  the  margin  of  the  paper,  a  pencil  moved  by  means  of  a  clock  records 
the  time,  the  quantity  of  paper  worked  off  in  any  given  time  showing  the  amount 
of  horizontal  motion  of  the  air  during  that  period.  The  instrument  can  be  supplied 
with  a  single  length  of  paper  sufficient  to  last  for  several  weeks,  and  this  paper  being 
what  is  termed  metallic,  small  brass  wires  slightly  rounded  at  die  end  are  used  as 
pencils.  The  whole  of  the  registering  portion  of  the  instrument  is  contained  in  a 
cylindrical  case  about  10  inches  in  diameter,  which  protects  it  from  the  weather,  so 
that  it  does  not  require  the  erection  or  alteration  of  a  building  to  carry  it,  but  can  be 
placed  for  action  in  any  situation  that  may  be  desired. 


Meteorological  Observations  at  Huggatefor  1857.    By  the  Rey.  T.  Rankik. 

The  first  part  of  the  present  communication  consisted  of  tables,  showing  for  eadi 
month — 1.  tbe  thermometer ;  2.  the  barometer ;  3.  winds;  4.  weather;  5.  rain; 
6.  hygrometer.    Secondly,  observations  on  remarkable  days,  and  drcumttancey  gob« 
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iieoted  with  the  thennometer,  barometer,  hygrometer,  rain,  November  atmospheric 
wave,  remarkable  appearance  of  the  planet  Venus,  aaroral  phenomena,  solar  halos, 
a  remarkable  appearance  of  the  Via  Lactea,  lunar  circles  and  halos,  winds,  weather, 
tflxd  thunder-storms.  -___^ 

Note  on  Observations  oj^  Temperature^ 
By  Dr.  F.  A.  Siljbstbom,  of  Stockholm, 
In  a  discussion  of  thirty  years'  meteorological  observations  at  the  Observatory  of 
Stockholm,  I  have  pleaded  the  necessity  of  taking  meteorological  media  for  thorier 
periods  than  a  month,  which  latter  seems  to  me  to  be  quite  unfit  as  a  meteorological 
period.  I  have  divided  the  year  in  seventy-two  parts,  viz.  each  month  in  six  parts 
of  five  days  (except  the  last  part  of  the  month,  whose  length  varies  between  five  and 
six  days,  and  for  February  between  three  and  four).  By  this  means  I  have  not 
only  been  able  to  ascertain  quite  decided  laws  in  the  yearly  movement  of  the  tem- 
perature, which  never  could  have  been  detected  by  monthly  means  (for  instance, 
three  very  well-defined  minima  during  the  winter,  a  quite  remarkable  sinking  of  the 
temperature  in  the  beginning  of  May,  &c.),  but  dso  to  show  the  intimate  connexion 
between  the  changes  of  wind  and  temperature,  and  to  find,  in  a  somewhat  new 
manner,  a  confirmation  of  Dove's  celebrated  "  Drehungsgeschic^te."  But  it  is 
impossible  here  to  enter  into  further  details. 

On  the  DeHrablenese  of  renewing  Balloon  Ascents  in  England  for  Meleoro* 
logical  Objects.     By  Colonel  Stkes,  F.B,S, 

With  reference  to  the  desirableness  of  renewing  the  balloon  ascents,  I  shall  limit 
myself  to  a  very  few  words.  The  Section  is  aware  that  in  1852  the  Kew  Committee 
of  the  British  Association  effected  four  ascents.  The  observers  who  fearlessly  went 
up  in  the  balloons,  were  Mr.  Welsh,  Mr.  Nicklin,  and  the  veteran  aeronaut  Mr. 
Green.  The  results  of  the  observations  were  published  in  the  '  Philosophical  Trans- 
actions ; '  and  Mr.  Petermann,  in  the  '  Mittheilungen,'  has  given  a  coloured  diagram, 
from  which,  by  a  couv  d'csil,  the  accordances  or  discordances  in  the  results  of  the 
four  accents  at  the  different  heights  at  which  the  same  temperature  occurred,  are 
seen.  55^  and  32°  are  sufficiently  marked.  The  four  ascents  took  place  from  Vauxball 
Gardens,  near  London.  The  temperature  of  55°  on  the  different  days  was  met  with 
at  6800,  3900,  and  950  feet  respectively.  A.t  the  fourth  ascent,  on  the  10th  of 
November,  the  temperature  at  the  surface  of  the  earth  was  below  55°.  The  freezing- 
poipt  in  the  two  ascents  in  August,  occurred  at  13,200  feet ;  on  the  2l8t  of  October, 
at  10,900  feet;  and  on  the  10th  of  November,  at  8500  feet.  Now  these  differences 
may  be  owing  to  the  different  angles  of  the  sun  on  the  respective  days  of  observation, 
and  it  would  not  be  prudent  to  consider  the  indications  as  normal  conditions.  Again, 
the  rapid  diminution  of  temperature  in  the  upper  portion  of  the  ascents  leads  to  the 
inference  of  an  almost  inconceivably  low  temperature  at  the  surface  of  the  earth's 
atmosphere.  It  was  found,  also,  that  the  tension  of  vapour,  which  at  the  surface  of 
the  earth  was  very  considerable,  at  nearly  23,000  feet  was  scarcely  appreciable. 

All  meteorological  investigations  require  so  many  repetitions  to  ensure  trustworthy 
results,  that  I  cannot  believe  that  the  Mathematical  Section  will  consider  investiga- 
tions into  the  conditions  of  the  upper  strata  of  the  atmosphere  exceptional.  I  tnist, 
therefore^  that  1  only  anticipate  the  wishes  of  the  Section,  when  I  express  a  hope 
that  it  will  recommend  to  the  General  Committee  to  cause  another  series  of  balloon 
ascents  to  be  undertaken.  

On  a  New  Conslruciion  of  Standard  Portable  Mountain  Barometers, 
By  G.  J.  Symons. 
The  author  showed  an  instrument,  which  was  very  portable,  easily  set  np,  and 
when  packed,  only  4ilbs.  weight.      

^Particulars  of  an  Ascent  of  Mont  Blanc.    By  Professor  Ttndall,  F.B.S. 
The  author  spoke  particularly  of  the  enthusiasm  of  a  guide  named  Balmat  in  th^ 
I  of  science,  and  of  Uie  efforts  that  that  person  bad  already  n^ade  towar4ff  the 
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advancement  of  it.  He  also  referred  to  the  fact^  that  the  professional  guides,  headed 
hy  their  chief*  sought  to  prevent  his  going  without  the  usual  complement  of  guides* 
making  no  allowance  whatever  for  the  circumstance  that  he  was  engaged  in  purely 
scientific  pursuits.  This  man  (Balmat)  had  conceived  the  idea  of  placing  on  the  top 
of  Mont  Blanc  a  thermometer,  for  the  purpose  of  noting  the  minimum  winter  tem« 
perature  that  might  occur  at  that  altitude,  and  the  author  had  been  instrumental  in 
obtainiog  £l5  from  the  Royal  Society  for  the  prosecution  of  that  object.  But  this 
man  was  of  so  independent  a  nature  that  he  would  accept  no  gratuity,  and  the  result 
was,  that  after  paying  j^lO  for  necessary  expenses,  the  remai^er  was  to  be  returned 
to  the  Ro^'al  Society. 

llie  author  gave  in  detail  the  difficulties  he  had  to  overcome  in  ascending 
Mont  Blanc.  He  said  that  the  snow,  which  at  that  height  was  like  dry  dust, 
was  wafted  on  that  day  by  the  wind,  and  came  in  great  force  against  the  party  on 
tlie  summit.  The  temperature  was  20P  below  the  freezing-point,  and  the  effect  was 
that  the  eye-lashes  and  beards  of  the  party  were  covered  by  long  ice-crystals.  In 
this  ascent  Balmat's  hands  had  been  frostbitten,  and  up  to  this  time  they  had  not 
recovered  their  natural  functions. 

He  then  remarked  on  the  obstructions  that  were  encountered  by  scientific  men 
making  observations  at  Mont  Blanc,  on  account  of  the  arbitrary  proceedings  of  the 
local  authorities.  A  remonstrance  was,  however,  in  process  of  being  drawn  up,  and 
he  hoped  it  would  have  due  weight  with  the  Sardmian  Government.  The  guide 
Balmat  was  now  being  prosecuted  by  the  chief  guide,  on  account  of  his  not  having 
acted  in  accordance  with  the  unreasonable  interpretation  which  the  chief  guide  put 
upon  the  printed  instructions,  and  it  behoved  the  Association  to  render  hun  every 
assistance  for  the  sake  of  science. 


On  afresh  Form  of  CrystaUizalion  which  takes  place  in  the  Particles  of 
Fallen  Snmo  under  Intense  Cold,    By  J.  Wollby,  M.A. 

In  passing  a  winter  in  Lapland,  it  is  impossible,  whether  in  observing  the  tracks 
of  animals,  or  merely  considering  day  by  day  the  condition  of  the  roads  for  sledging, 
or  of  the  snow  for  tne  use  of  snow-skates,  not  to  be  struck  by  the  very  variable  cha-> 
racter  of  the  snow,  partly  caused  by  winds  and  fresh  falls,  partly  by  the  condition  of 
the  rime  or  hoar  frost  upon  the  surface,  but  mainly,  as  it  is  soon  founds  by  an  alter* 
ation  in  the  character  of  the  mass  of  fallen  snow. 

In  Lapland,  as  elsewhere,  the  snow  as  it  falls  is  of  several  kinds.  But  whatever  its 
character,  it  at  first  lies  more  or  less  lightly  on  the  ground,  and  if  the  weather  is  still 
and  not  very  cold,  it  may  so  remain  for  days ;  but  if  the  cold  increases,  the  snow 
rapidly  sinks ;  it  becomes  at  first  like  sand,  is  crisp  to  the  tread,  bears  the  smaller 
animds,  and  soon  becomes  suitable  for  the  skidor  or  snow-skates.  When  the  cold 
has  continued,  probably  many  degrees  below  zero  of  Fahrenheit,  for  t^o  or  three 
weeks,  not  necessarily  consecutive  (the  phenomena  are  more  especially  to  be  observed 
in  the  cold  months  of  January  and  February),  the  snow  beneath  the  surface  is  found 
to  be  made  up  of  large  pieces  of  a  quarter  or  a  third  of  an  inch  in  diameter,  glitter- 
ing in  the  sunshine,  clear,  heavy,  highly  moveable  upon  one  another,  and  seen  upon 
even  a  hasty  examination  to  be' of  a  beautiful  crystalline  structure.  On  a  closer  in- 
spection, they  are  found  to  be  somewhat  irregular  in  shape,  with  the  outline  of  more 
or  less  complete  hexagons  with  sides  of  unequal  length ;  they  are  formed  around 
nuclei  by  no  means  placed  centrally,  often  quite  where  one  side  of  the  hexagon 
should  be ;  and  they  grow  in  layers  of  bars  one  outside  the  other,  often  larger  in 
section  as  well  as  longer  as  they  recede  from  the  nucleus  \  these  bars  (learned 
gentlemen  will  excuse  me  for  not  describing  a  crystal  more  properly)  are  free  from 
one  another  except  at  the  angles ;  those  of  each  layer  lie  in  one  plane,  often  not  the 
same  as  the  layer  which  preceded  them  lies  in.  At  the  angles  are  usually  small 
crystalline  projections,  rising  apparently  perpendicular  to  the  general  surface  of  the 
crystal.  These  crystals  are  broken  with  a  slight  force ;  and  many  of  those  where  the 
snow  had  been  crushed  have  lost  their  nuclear  portion,  but  retain  the  true  hexagonal 
form* 

Snow,  in  the  condition  of  which  I  hope  to  have  given  at  least  some  faint  notion,  is 
called  hieta  lumig  or  eand-snow,  in  the  Finnish  language.  It  yields  more  water ;  and 
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hence,  even  when  it  is  covered  by  more  recent  snow,  the  Laps  take  the  trouble  of 
digging  down  to  it  to  fill  their  kettles  with.  These  primitive  people  also  use  it  in  its 
dry  state  for  washing  or  cleansing  their  clothes.  After  first  exposing  to  the  external 
cold  for  some  hours  the  dresses  they  wish  to  purify,  for  reasons  which  I  need  not 
further  explain,  they  beat  them  with  sticks  upon  and  under  a  heap  of  sand-snow. 

When  the  winter  covering  of  the  ground  is  in  this  sandy  condition  (perhaps  the 
moveable  state  of  such  shell- sand  as  that  of  John  o'Groat's  house  may  best  repre- 
sent it  in  one  respect,  and  the  appearance  of  a  bag  of  clean  crystals  of  salt  give  some 
idea  of  it  in  another),  it  is  a  great  advantage  to  all  the  animals  of  the  country  in  sup- 
porting their  weight,  and  is  a  special  comfort  to  the  reindeer,  from  the  facility  with 
which  they  can  remove  it  with  their  fore-feet  so  as  to  get  at  their  food  beneath* 
Though  intensely  cold  to  a  naked  hand,  it  is  much  better  than  fresh  snow  for  lying 
upon,  as  it  does  not  yield  too  much  to  the  weight  of  the  body,  and  does  not  get  into 
the  nicks  of  the  clothes,  or  melt  in  the  far,  I  may  mention,  that  with  only  a  thick 
pair  of  stockings  on,  one  can  walk  for  some  little  distance  from  a  bivouac  without 
risk  of  getting  either  wet  or  cold  in  the  feet ;  and  before  a  fire  in  the  woods  this 
snow  never  becomes  sloppy,  but  seems  to  disappear  only  by  evaporation,  which 
greatly  adds  to  the  facilities  of  passing  the  long  winter  nights  in  a  Lapland  forest. 
The  same  thing  is  in  a  great  measure  true  in  the  spring ;  the  snow  is  very  rarely  to 
be  found  in  that  miserable  state  which  marks  the  breaking  up  of  a  snow  in  England. 

Concerning  the  formation  of  these  crystals,  I  made  experiments  by  burying  in  the 
snow  at  certain  intervals  of  time,  chip  boxes,  some  empty  and  some  containing  fresh 
snow :  I  was  prevented  from  fully  carrying  out  and  registering  my  observations,  but 
I  found  that  the  changes  went  on  in  the  boxes  equally  with  the  external  snow,  and 
in  the  boxes  that  contained  nothing  but  air,  but  nevertheless  were  not  so  tightly 
closed  as  to  prevent  the  transmission  of  air  containing  water  in  solution,  crystals 
attaching  themselves  to  the  sides  and  top,  but  never  to  the  floor  of  the  box,  which 
crystals  greatly  resembled  those  in  the  snow ;  they  were,  however,  often  much 
longer,  even  to  upwards  of  half  an  inch  in  length.  In  the  course  of  my  observations,  I 
found  that.this  sand-snow  formed  principally  in  open  places,  on  lakes,  bare  soils,  &c,, 
growing  less  on  spongy  grounds,  scarcely  at  all  upon  logs  of  wood  or  outbuildings. 


Instruments. 


On  Dials  which  give  the  Latitude^  the  line  of  North  and  Souths  and  ChronO" 
meter  Time.  By  Warrand  Carlilb. 
Working  models  were  exhibited.  By  one  model  the  latitude  is  read  off  at  once 
without  calculating,  and  the  true  line  of  north  and  south  obtained  without  a  mari- 
ner's compass.  Witii  the  assistance  of  the  compass,  the  latitude  at  sea  could  be  read 
off  at  any  hour  when  the  sun  shines.  The  other  model  gives  true  chronometer  time, 
and  coulH  easily  be  constructed  to  give  Greenwich  time  at  any  place. 


CHEMISTRY. 


Address  hy  Sir  J.  F.  W.  Herschel,  Barty  President  of  the  Section. 
Though  it  is  with  much  satisfaction  that  I  find  myself  placed  in  the  Chair  of  this  Sec- 
tion, it  is  a  feeling  not  untempered  with  serious  misgivings.  On  none  of  the  occasions 
when  I  have  attended  the  Meetings  of  the  British  Association,  has  it  ever  been  in  my 
power  to  be  present  at  any  Session  of  the  Chemical  Section ;  and  attached  as  I  have 
always  been  to  that  branch  of  science,  and  contemplating  with  the  most  lively  sympathy 
the  labours  of  its  more  active  members,  this  has  been  to  me  a  source  of  great  regret  and 
disappointment.  And  now  when  the  opportunity  I  have  always  so  earnestly  desired 
is  accorded  me  in  its  fullest  extent,  it  comes  accompanied  with  the  painful  feeling  of 
occupying  a  position^  which  probably  not  one  of  the  distinguished  cultivators  of  the 
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lelenee  whom  I  te*  around  me,  would  not  be  more  oompetent  to  ^I  with  credit  ta 
himself  and  satisfaction  to  the  Section.  However,  in  this  respect,  I  must  throw  my- 
self on  your  indulgence.  If  there  he  any  conventional  usages  in  the  conduct  of  the 
business  of  the  Section,  which  have  grown  up  as  matters  of  habitual  arrangement, 
and  been  ascertained  by  experience  to  facilitate  its  working,  with  which  I  am  un- 
acquainted, there  are  those  around  me  who  will  good-^iaturedly  set  me  right 

But  there  is  one  deficiency  which  I  feel  very  much : — ^it  is  the  want  of  that  thorough 
acquaintance,  that  sort  of  coup  deceit  extending  over  the  whole  area  of  the  vast  iield 
of  chemical,  mineraloffical,  and  agricultural  research  which  the  objects  of  this  Section 
embrace,  which  would  justify  me  in  the  ambitious  hope  that  I  could  command  your 
attention  as  I  am  aware  that  my  predecessors  in  this  Chair  have  done  on  some  former 
occasions*  while  placing  before  you  a  summary  of  the  progress  made  since  our  last 
meeting,  in  these  branches  of  knowledge,  and  delineating  the  leading  features  of  their 
present,  and  the  prospects  of  their  future  state.  In  this  I  should  be  sure  to  fail,  and 
therefore  I  shall  not  attempt  it,  though  I  cannot  help  giving  expression  to  my  surprise 
and  admiration  of  the  astonishing  developments  wnich  they  nave  undergone,  I  will 
not  say  since  the  time  when  my  own  acquaintance  with  chemistry  commenced  by 
hanging  in  rapt  enthusiasm  over  Macquer's  Dictionary  (which  seemed  to  me  in  those 
early  days  a  work  of  little  short  of  superhuman  intelligence) ;  nor  since  the  epoch 
when  a  Davy  electrified  the  world  by  the  decomposition  of  the  alkalies ;  nor  that  when 
a  Faraday  commenced  his  magnificent  career  or  discovery ;  nor  when  a  Berzelius  first 
showed  what  might  be  done  in  giving  precision  to  analysis — but  since  organic  che- 
mistry haa  assumed,  by  the  experiments  and  reasonings  of  Dumas,  Liebig,  Hofmann, 
and  its  other  dlstingubhed  cultivators,  that  hiffhly  abstract  and  intellectual  form,  under 
which  it  now  presents  itself,  and  which,  by  the  links  of  the  platina  bases,  and  com- 
pounds such  as  those  described  by  Gibbs  and  Genth  under  the  name  of  the  ammonio- 
cobaltic  bases,  and  by  those  which  are  every  day  coming  into  view  by  the  mutual  in- 
terweaving, if  I  may  use  such  an  expression,  of  the  organic  and  inorganic  systems  of 
composition  in  bases  such  as  those  of  the  metallic  ethyls  and  those  of  boron  and  silicon 
— «eems  to  place  these  conceptions  in  much  the  same  sort  of  relation  to  the  ordinary 
atomic  theory  as  put  forth  by  Dalton  and  Higgins,  and  the  elementary  notions  of 
oxide,  acid,  and  base  of  Lavoisier,  that  the  transcendental  analysis  holds  to  common 
algebra. 

And  hero  perhaps  I  may  be  tolerated  if  I  put  in  a  word  of  reclamation  against 
the  system  of  notation  into  which  chemists,  who  are  not  always  algebrabts,  have 
fallen  in  expressing  their  atomic  formulse.  These  formulas  have  been  Gradually 
taking  on  a  character  more  and  more  repulsive  to  the  algebraical  eye.  There  is  a 
principle  which  I  think  ought  to  be  borne  in  mind  in  framing  the  conventional  note-' 
tions  as  well  as  nomenclatures  of  every  science,  at  every  new  step  in  its  progress,  viz. 
that  as  sciences  do  not  stand  alone,  but  exist  in  mutual  relation  to  each  other, — as  it 
is  for  their  common  interest  that  there  should  exist  among  them  a  system  of  free 
communication  on  their  frontier  points, — the  language  they  use  and  the  signs  they 
employ  should  be  framed  in  such  a  way  as  at  least  not  to  contradict  each  other.  As 
the  atomic  formulas  used  by  the  chemist  are  not  merely  symbolic  of  the  mode  in 
which  atoms  are  grouped,  but  are  intended  also  to  express  numerical  relations  in- 
dicative of  the  aggregate  weij^hts  of  the  several  atoms  in  each  group  and  the  several 
groups  in  each  compound,  it  is  distressing  to  the  algebraist  to  find  that  he  cannot  in- 
terpret a  chemical  formula  (I  mean  in  its  numerical  application)  according  to  die 
received  rules  of  arithmetical  computation. 

In  a  paper  which  I  published  a  long  time  ago  on  the  Hyposulphites,  I  was  parti- 
cularly careful  to  use  a  mode  of  notation  which,  while  perncUy  clear  in  its  ohamical 
sense,  and  fi^Uy  expressing  the  relations  of  the  groupings  I  allude  to,  accommodated 
itself  at  the  same  time  perfectly  well  to  numeri^  computation,  no  symbol  being  in 
any  case  juxtaposed,  or  in  any  way  intercombined  with  another,  so  as  to  violate 
the  strict  algebraical  meaning  of  the  formula.  This  system  seemed  for  a  while  likely 
to  be  generedly  adopted  ;  but  it  has  been  more  and  more  departed  firom,  and  I  think 
with  a  manifest  corresponding  departure  from  intelligibility.  The  time  is  perhaps 
not  so  very  far  distant,  when,  from  a  knowledge  of  the  family  to  which  a  cnemical 
element  belongs,  and  its  order  in  that  family,  we  may  be  able  to  predict  with  con- 
fidence the  system  of  groups  into  which  it  is  capable  of  entering,  and  the  part  it  will 
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play  in  tht  eombination.  A  great  step  in  this  direction  leemt  to  me  to  have  been 
lately  made  by  Prof.  Cooke,  of  the  Harvard  University  of  the  United  States  (in  a 
memoir  which  forms  part  of  the  fifth  volume  of  the  Memoirs  of  the  American  Aca« 
demy  of  Arts  and  Sciences),  to  extend  and  carry  out  the  classification  of  chemical 
elements  into  families  of  the  kind  I  allude  to,  in  a  system  of  grouping,  in  which  the 
first  idea,  or  rather  the  first  germ  of  the  idea,  may  be  traced  to  a  remark  made  by  M. 
Dumas,  in  one  of  his  reports  to  this  Association,  and  which  is  founded  on  the  prin- 
ciple of  arranging  them  in  a  series,  in  each  of  which  the  atomic  weight  of  the  ele- 
ments it  comprises  are  found  among  the  terms  of  an  arithmetical  progression,  the 
common  difiTerence  of  which  in  the  several  series  are  three,  four,  five,  six,  eight,  and 
nine  times  the  atomic  weight  of  hydrogen  respectively.  So  arranged,  they  form  six 
groups,  which  are  fairly  entitled  to  be  considered  natural  families,  each  group  having 
common  properties  in  the  highest  degree  characteristic ;  and  what  u  more  remark- 
able, the  initial  member  in  each  group  possessing  in  every  case  the  characteristic  pro- 
perty of  the  flToup  in  its  most  eminent  degree,  while  the  others  exhibit  that  property 
in  a  less  and  less  deme,  according  to  their  rank  in  the  progression,  or  according  to 
the  increased  numerical  value  of  the  atomic  equivalent.  Generally  speaking,  I  am  a 
little  slow  to  give  full  credence  to  numerical  gcneralixations  of  this  sort,  because  we 
are  apt  to  find  their  authors  either  taking  some  liberties  with  the  numbers  themselves, 
or  demanding  a  wider  margin  of  error  in  the  application  of  their  principles,  than  the 
precision  of  the  experimental  data  renders  it  possible  to  accord ;  so  tha^  the  result  is 
more  or  less  wanting  in  that  close  appliance  to  nature  which  makes  all  the  difference 
between  a  loose  analogy  and  a  physical  law ;  but  in  this  instance  it  certainly  does 
appear  that  the  groups  so  arising  not  only  do  correspond  remarkably  well  in  their 
theoretical  numbers  with  those  wnich  the  best  authorities  assign  to  their  elements^ 
but  that  it  really  would  be  difficult  to  distin&iuish  the  elements  themselves  into  more 
distinctly  characteristic  classes  by  a  consideratbn  of  their  qualities  alone,  without 
reference  to  their  atomic  numbers. 

When  we  find,  for  instance,  that  the  principle  affords  us  such  family  groups  a« 
oxygen,  fluorine,  chlorine,  bromine,  and  iodine  self-arranged  in  that  very  order ;  or 
again,  nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth, — when  we  find  that  it 

Sacks  together  in  one  group  all  the  more  active  and  soluble  electro-positive  elements, 
ydrogen,  lithium,  sodium,  and  potassium,  and  in  another  the  more  inert  and  less 
soluble  ones,  calcium,  strontium,  barium,  and  lead,  and  thai  without  outraging  any 
other  system  of  relations, — it  certainly  does  seem  that  we  have  here  something  very 
like  a  valid  ^generalization ;  and  I  shall  be  very  glad  to  learn  in  the  course  of  any  dis- 
cussions which  may  arise  on  such  matters  as  may  be  brought  before  us  in  the  r^ular 
conduct  of  our  business  from  those  more  competent  to  juqge  than  myself,  whether  I 
have  been  formine  an  overweening  estimate  of  the  value  and  importance  of  such 
generalizations.  I  will  only  add  on  this  point,  in  reference  to  wnat  fell  from  our 
excellent  President  in  his  address  to  the  assembled  Association  last  night,  that 
this  kind  of  speculation  followed  out,  would  seem  to  me  likely  to  terminate  in  a  point 
very  far  from  that  which  would  regard  all  the  members  of  each  of  these  family  group* 
as  allottopes  of  one  fundamental  one,  inasmuch  as  the  common  difierence  of  the 
several  progressions  which  their  atomic  weights  go  to  make  up,  are  neither  equal  to, 
nor  in  all  cases  commensurate  with  the  first  terms  of  these  progressions.  For  instance, 
in  the  chlorine  group,  the  first  term  being  eight,  the  common  difierence  is  nine^ 
Something  very  mfferent  from  allotropism  is  surely  suggested  by  such  a  relation.  It 
would  rather  seem  to  point  to  a  dilution  of  energy  of  one  primary  element  by  the 
superaddition  of  dose  after  dose  of  some  other  modifying  element ;  and  this  the  mora 
strikingly,  since  we  find  oxygen  standing  at  the  head  of  very  distinct  groups  having 
very  striking  correspondences  in  some  respects,  and  very  striking  diiferences  in  others, 
But  all  these  speculations  take  for  granted  a  principle,  with  which  I  must  confess  I 
think  chemists  have  allowed  themselves  to  be  far  too  easily  satisfied,  viz.  that  all  the 
atomic  numbers  are  multiples  of  that  of  hydrogen.  Not  until  these  numbers  are  de* 
termined  with  a  precision  approaching  that  of  the  elements  of  the  planetary  orbits,— a 
precision  which  can  leave  no  possible  question  of  a  tenth  or  a  hundredth  of  a  per  cent, 
and  in  the  presence  of  which  such  errors  as  are  at  present  regarded  as  tolerable  in  the 
atomic  numbers  of  even  the  best  determined  elements  shall  be  considered  utterly  in^ 
admissible,— I  think,  can  this  question  be  settled ;  and  when  such  gigantic  consa* 
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quences,— *80  entire  a  system  of  nature  is  to  be  based  on  a  principle, — nothing  short  of 
such  endence  ought,  I  think,  to  be  held  conclusive,  however  seductive  the  theory 
may  appear.  I  do  not  think  such  precision  unattainable,  and  I  think  I  perceive  a 
way  in  which  it  might  be  attained,  but  one  that  would  involve  an  expenditure  of 
time,  labour,  and  money,  such  as  no  private  individual  could  bestow  on  it. 

If  the  phenomena  of  chemistry  are  ever  destined  to  be  reduced  under  the  domi- 
nion of  mathematical  analysis,  it  will,  no  doubt,  be  bv  a  very  circuitous  and  intricate 
route,  and  in  which  at  present  we  see  no  glimpse  of  light.  We  should,  therefore,  be 
all  the  more  carefully  on  the  watch  in  making  the  most  of  those  classes  of  facts,  which 
seem  to  place  us,  not  indeed  within  view  of  daylight,  but  at  what  seems  an  opening 
that  may  possibly  lead  to  it.  Such  are  those  in  which  the  agency  of  light  is  concerned 
in  modifying  or  subverting  the  ordinary  affinities  of  material  elements,  those  to  which 
the  name  of  actino-chemistry  has  been  affixed.  Hitherto  the  more  attractive  appli- 
cations of  photo^aphy  have  had  too  much  the  effect  of  distracting  the  attention  iron^^ 
the  purely  chemical  questions  which  it  raises  ;  but  the  more  we  consider  them  in  the* 
abstract,  the  more  strongly  they  force  themselves  on  our  notice ;  and  I  look  forward 
to  their  occupying  a  much  larger  space  in  the  domain  of  chemical  inquiry  than  is  the 
case  at  present.  That  light  consists  in  the  undulations  of  an  etherial  medium,  or  at 
all  events  agrees  better  in  the  characters  of  its  phenomena  with  such  undulations,  than 
with  any  omer  kind  of  motion  which  it  has  yet  been  possible  to  imagine,  is  a  pro- 
position on  which  I  suppose  the  minds  of  physicists  are  pretty  well  made  up.  The 
recent  researches  of  Prof,  lliomson  and  Mr.  Joule,  moreover,  have  gone  a  great  way 
towards  bringing  into  vogue,  if  not  yet  fully  into  acceptation,  the  doctrine  of  a  more 
or  less  analogous  conception  of  heat.  When  we  consider  now  the  marked  influence 
which  the  different  calorific  states  of  bodies  have  on  their  affinities — the  change  of 
crystalline  form  effected  in  some  by  a  change  in  temperature, — the  allotropic  states  taken 
on  by  some  on  exposure  to  heat,— or  the  heat  given  out  by  others  on  their  restoratitm 
from  the  allotropic  to  the  ordinary  form  (for  though  I  am  aware  that  Mr.  Gore  considers 
his  electro-deposited  antimony  to  be  a  compound,  I  cannot  help  fancying  that  at  all 
events  the  state  in  which  the  antimony  exists  in  it  is  an  allotropic  one),— when,  I  say, 
we  consider  these  facts  in  which  heat  is  concerned,  and  compare  them  with  the  facts 
of  photographvi  with  the  ozouization  of  oxygen  by  the  chemical  rays  of  the  electric 
spark,  and  with  the  striking  alterations  in  the  chemical  habitudes  of  bodies  pointed 
oat  by  Draper,  Hunt,  and  Becquerel ;  and  when,  again,  we  find  these  carried  so  far, 
that,  as  in  the  experiments  of^Bunsen  and  Roscoe,  the  amount  of  chemical  action 
numerically  measures  the  quantity  of  light  absorbed,-*it  seems  hardly  possible  not  to 
indulge  a  hope  that  the  pursuit  of  these  strange  phenomena  may  by  degrees  conduct 
us  to  a  mechanical  theory  of  chemical  action  itself.  Even  should  this  hope  remain 
unrealized,  the  field  itself  is  too  wide  to  remain  unexplored ;  and  to  say  nothing  of 
discovery,  the  use  of  photography  merely  as  a  chemical  test  may  prove  very  valuable, 
as  1  have  myself  quite  recently  experienced,  in  the  evidence  it  has  afforded  me  of  the 
presence  in  certain  solutions  of  a  peculiar  metal  having  many  of  the  characters  of 
arsenic,  but  differing  firom  it  in  others,  and  strikingly  contrasted  with  it  in  its  powerful 
photographic  qualities,  which  are  of  singular  intensity,  surpassing  iodine,  and  almost 
equalling  bromine. 

There  is  another  class  of  phenomena,  which,  though  usually  considered  as  belonging 
peculiarly  to  the  domain  of^gcneral  physics,  and  so  out  of  our  department,  seems  to 
me  to  want  some  attention  in  a  chemical  point  of  view ; — it  is  that  of  capillary  attrac- 
tion. The  coefficient  of  capillarity  differs  very  remarkably  in  different  liquids,  and 
no  doubt  also  in  their  contacts  with  different  solids; — a  fact,  which  can  nardly  be 
separated  from  the  idea  of  some  community  of  nature  between  the  capillary  force  and 
those  of  elective  attraction.  I  hardly  dare  to  hint  at  the  existence  of  some  slight 
misgiving  I  have  always  felt  as  to  the  validity  of  the  received  statical  theory  of  capil- 
lary action,  which  carries  with  it  the  authority  of  such  names  as  those  of  Laplace  and 
Poisson.  Any  discussion  of  this  point  would  be  matter  for  another  Section  of  this 
Association ;  and  if  I  here  touch  upon  it,  it  is  only  to  observe  that  my  impression  of 
the  requisiteness  of  a  force  iofar  awed  to  chemical  qffinify  a»  to  he  capable  ofeaiura^ 
ttofli,  rests  on  other  grounds  besides  that  of  the  mere  diversity  of  action  above  alluded 
to.  But  I  must  remember  that  you  are  not  met  here  to  listen  to  generalities,  of  what- 
ever nature,  but  that  we  have  plenty  of  real  and  special  business  before  us. 
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In  tiheMTenil  papers  which  will  be  brought  before  this  Section, — in  the  elucidation 
iheir  authors  will  personally  afford,  and  in  the  discussions  which  will  Uke  place  on 
them, — I  look  forward  to  rich  accessions  to  our  knowledge,  and  to  pregnant  and  fertile 
suggestions  which  will  afibrd  us  matter  of  fruitful  meditation  hereafter ;  and  I  am  very 
sure,  that  in  the  course  of  such  discussion  as  may  involve  differences  of  opinion,  that 
^irit  of  mutual  and  amicable  concession  which  has  always  chantcterized  the  meetings 
m  this  Section  will  continue  to  prevail. 

On  Colorific  Lichens.    By  J.  Bedford. 

The  lichens  specially  referred  to  were  those  used  in  the  manufacture  of  orchil  and 
cudbear.  The  author  stated  that  prior  to  the  year  1838,  all  the  lichens  employed 
were  such  as  grow  upon  rocks  only.  In  that  year,  however,  a  new  kind  of  lichen  was 
introduced  from  Angola  on  the  west  coast  of  Africa,  by  Mr.  F.  R.  Batalho,  a  Lisbon 
merchant,  to  whom  much  credit  is  due  for  the  discovery  of  its  properties  and  uses. 
The  novelty  consisted  in  its  being  a  tree  lichen,  as  previously  all  sucn  had  been  found 
useless  for  this  manufacture. 

In  1839  another  tree  lichen,  possessine  valuable  colouring  properties,  was  discovered 
by  Mr.  O.  C.  Bruce  in  Ecuador,  Soum  America,  and  brought  into  the  market  in 
1840,  under  the  name  of  Lima  Weed. 

Similar  lichens  are  now  imported  from  Loango,  Benguela,  Mozambique,  and  Mada* 
gascar,  several  of  which  are  considered  to  be  of  equal  or  even  of  more  value  than  the 
best  quality  of  rock  lichens.  The  result  has  been  to  reduce  the  market  price  of 
orchil  weed  from  about  j^OO  to  jf  50  per  ton ;  and  now  tree  lichens  form  something 
like  four-fif\hs  of  the  total  quantity  consumed  in  the  manufacture. 

The  author  exhibited  illustrative  specimens  of  rock  lichens  from  the  Canary  and 
Cape  de  Verde  Islands ;  also  from  Madeira,  the  Azores,  and  Sweden,  together  with 
the  tree  lichens  from  the  places  above-mentioned. 

On  the  peculiar  action  of  Mud  and  Water  on  Glass,  as  more  especially 
illustrated  by  some  Specimens  of  Glass  found  in  the  Lake  at  Walton  Hall, 
near  Wakefield,  the  residence  o^  Charles  Waterton,  Esq.  By  C.  W.  Binq« 
LEY,  /%./).,  F.C.S. 

Along  with  several  other  articles  lately  found  in  the  lake  at  Walton  Hall,  near 
Wakefield,  the  residence  of  Charles  Waterton,  Esq.,  were  some  specimens  of  glass, 
supposed  to  have  been  submerged  in  the  lake  ever  since  the  hall  was  attacked  by 
Oliver  Cromwell's  soldiers. 

The  interest  those  specimens  possessed  in  a  scientific  point  of  view  consisted  in  the 
remarkable  appearance  they  presented  after  their  submersion,  possessing  hues  of 
colour  rivalling  those  of  the  finest  specimens  of  peurl  shells.  Some  of  the  specimens 
are  of  a  beautiful  azure  blue  by  direct  light,  and  yellow  by  transmitted  li^ht ;  others 
of  a  fine  green  colour  by  reflected  light,  and  red  and  pink  by  transmitted  light ; 
whilst  others  arain  are  of  a  red  and  deep  orange  colour  by  reflected  light,  and  blue 
by  transmitted liffht. 

On  scraping  the  glass  with  a  penknife,  the  coloured  part  was  detached  in  minute 
scales,  those  exhibiting  the  red  and  orange  rays  of  colour  coming  off  easily,  when  green 
and  bluish  scales  became  disclosed  to  view,  which  were  with  more  difficulty  removed. 
The  glass  underneath  appeared  as  if  it  had  been  ground,  or  subjected  to  the  action  of 
hydrofluoric  acid.  On  analysis,  the  scales  were  found  to  consist  of  silicates  of  lime 
associated  with  iron,  but  no  potash  or  soda ;  whereas  the  glass  consisted  of  a  silicate 
of  potash,  with  a  very  slight  trace  of  lime  and  iron.  The  glass  appeared,  therefore, 
to  oe  an  alkaline  silicate,  and  much  more  fusible  and  more  easily  acted  upon  by  dis- 
integrating agents  than  the  glass  now  manufactured.  The  potash  originally  in  it 
appeared,  in  Uie  case  of  the  detached  scales,  to  have  been  replaced  by  lime  and  iron 
derived  from  the  water.  The  mud  in  which  they  had  been  imbedded  was  found  on 
analysis  to  contain  a  large  quantity  of  organic  matter,  containing  nitrogen,  and  water 
charged  with  sulphuretted  hydroffen.  m>  sulphur  was  found  in  any  form,  either  in 
the  glass  or  in  the  scales.  Any  hypothesis,  then,  of  the  colours  observed  owing  their 
origin  to  the  combination  of  sulphur  with  the  bases  in  the  glass,  the  author  observed, 
was  perfectly  untenable. 
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It  has  been  known  for  a  long  time  that  water  acts  more  or  lest  tipon  glasfl,  slowly 
decomposing  it.  Scheele,  for  example,  observed  that  distilled  water,  which  had  been 
boiled  a  long  time  in  glass  vessels,  became  alkaline.  Ebelmen  published  some  time 
ago  an  account  of  the  strong  action  of  water  charged  with  carbonic  acid  on  glass. 
Mr.  H.  C.  Sorby  had  lately  shown  the  author  some  specimens  of  glass  which  had 
rapidly  undergone  partial  deTitrification  during  their  exposure  to  the  action  of  water 
boiling  under  pressure,  at  a  temperature  exceeding  800°  C.  The  action  of  water  oil 
glass  is  materially  assisted  by  the  presence  of  ammonia.  Glass  in  stable  windows  is 
S-equently  corroded  from  this  cause.  The  disintegration  of  the  glass  found  in  the  lake 
at  Walton  Hall  appeared  to  the  author  to  have  arisen  from  the  combined  action  of 
the  water  and  the  ammoniacal  and  carbonic  acid  gaaes  derived  from  the  mud,  assisted 
by  the  pressure  resulting  from  the  superincumbent  water.  It  is  probable  that  the 
transformation  of  the  glass  was  produced  by  the  silica  of  the  glass,  after  the  separation 
of  the  alkali,  being  left  in  a  gelatinous  state,  entering  into  combination  with  lim«, 
derived  fVt)m  the  mud  or  water  of  the  lake,  to  form  the  insoluble  silicate  of  whieh  the 
scales  were  composed,  analogous  in  composition  to  tabular  spar. 

The  author  next  proceeded  to  a  consideration  of  the  peculiar  colour  of  the  glass. 
On  falsing  the  g^ass,  after  removing  the  scales,  it  was  perfectly  colourless.  The  de^^ 
tached  scales,  whidi  were  very  difficult  to  flise,  likewise  became  colourless.  The 
coloured  glass,  viewed  by  transmitted  lights  exhibited  rays  of  colour  complementary 
to  the  reflected  rays.  The  various  colours  presented,  therefore,  doubtless  owed  their 
origin  to  the  different  refractive  powers  of  each  of  the  scales ;  the  refractive  powers 
of  Uie  latter  again  depending  en  their  thickness. 


On  the  Expannon  of  Metals,  AUoySy  and  Salts* 
By  F,  Crace  Calvert,  F.C.S* 
Messrs.  Calvert  and  R.  Johnson  having  purified  a  considerable  number  of  metal 
for  the  purpose  of  ascertaining  some  of  their  properties.  Were  desirous  of  testing  theh- 
expansion  and  contraction  when  exposed  to  certain  temperatures.  The  ^paratus 
employed  in  making  these  experiments  is  one  constructed  by  Mr.  O.  C.  Lowe.  It 
consists  of  a  lever  with  a  long  and  a  short  arm.  The  short  arm  is  brought  to  bear 
upon  the  bar  to  be  tested,  and  in  the  end  of  the  long  arm  the  object-glass  of  a  tele- 
scope is  inserted.  An  eyepiece  of  considerable  macnif^ing  power  is  so  fixed,  that  an 
observer,  by  looking  through  it,  at  a  graduated  scale,  is  able  to  determine  with  the 
greatest  accuracy  the  distances  through  which  the  object-glass  is  displaced  when  heat 

is  applied  to  the  bar.    The  parts  of  the  apparatus  are  so  adjusted  that  j^^dth  part 
of  an  inch  expansion  is  represented  by  a  definite  portion  of  the  graduated  scale. 

In  the  course  of  these  experiments  it  was  found  that  marked  differences  were  ob» 
served  between  the  results  obtained  and  those  of  previous  experimenters.  This  was 
attributed  to  the  circumstance  of  the  metals  they  were  employing  being  in  a  pure 
state,  and  this  view  was  confirmed  by  trying  in  the  same  manner  metals  of  ordinary 
commercial  quality.  They  observed  also  that  a  change  of  the  molecular  condition  of 
a  bar  produced  a  considerable  change  in  its  ratio  of  expansion.  Thus  a  bar  of  steel, 
when  tempered  to  an  extreme  hardness,  has  a  ratio  of  expansion  fully  one-third  greater 
than  when  it  is  left  soft  from  the  fire  ;  and  most  of  the  metals  have  a  very  different 
ratio  according  as  they  are  cast  or  forged.  This  is  particularly  remarkable  in  the  case 
of  pure  zinc,  a  bar  of  which,  when  well-hammered,  expands  very  little  more  than  half 
the  amount  that  it  expands  when  cast  vertically.  A^n,  the  axis  of  crystallization  has 
a  considerable  influence  upon  the  expansion  of  bodies.  A  bar  of  pure  zinc  cast  hori- 
zontally expands  much  less  than  if  cast  vertically.  A  similar  phenomenon  was  ob- 
served also  in  examining  other  crystalline  bodies.  Thus  amongst  the  carbonates  of 
lime,  statuary  marble  was  observed  to  expand  more  than  some  of  the  metals,  amongst 
which  are  cast  iron,  antimony,  and  platinum  ;  whilst  the  expansion  of  chalk,  in  which 
the  particles  are  differently  arranged,  is  little  more  than  one- fourth  that  of  marble.  In 
several  alloys  of  metals  a  remarkable  difference  was  observed  between  the  expansion 
found  by  experiment  and  that  calculated  from  by  the  ratios  of  the  metals  of  which 
they  were  composed.  Four  different  alloys  were  made  and  examined,  and  in  each 
the  expansion  observed  was  less  than  that  deduced  by  calculation  firom  their  equiVA* 
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lents.     In  alloys  of  copper  with  tin,  it  was  found  tbat  where  only  a  small  quantity  of 
tin  entered  into  the  composition  of  a  bar,  the  expansion  fell  considerably  below  that 
of  pure  copper,  although  the  tin  thus  added  has  a  much  higher  ratio  of  expansion 
than  c(n>per. 
The  following  is  one  of  the  Tables  accompanying  the  paper. 
Coefficient  of  Expansion  from  OP  to  100^. 


Cadmium    ...*...  0*003323 

Lead  0-003006 

Tin 0-002717 

Aluminium 0*002218 

Zinc  (hammered)   0*002193 

SiWer(ca8t)   0-001991 

BraM(do.) 0-001930 

Copper(do.) 0*001879 

Brass  (hammered) 0*001828 


Copper  (hammered) 0-001 76d 

Gold  (do.)     0-001374 

Bismuth      (do.)     ...., 0-001341 

Iron  (forged) 0-001187 

Castiron 0*001117 

SteeHhard)    0001402 

Steel(8oft) 0*001038 

Antimony  (oast) 0*000985 

Platinum  (forged) 0*000881 


Note  on  NUro^fycerine  and  other  XyUnds.  By  J.  Barer  Edwauds,  PLI)^ 

Lecturer  on  Chemistry  and  Toxicology ^  Boyal  Infirmary  School  ofMedi- 

eincp  Liverpool, 

The  author  stated  that  he  had  made  a  considerable  number  of  experiments  upon 
Yarioas  animals  to  ascertain  the  physiological  effects  of  these  substances,  some  of 
which  he  found  possessed  poisonous  properties. 

Dr.  Pe  Vry  introduced  the  substance  known  as  nitro*glycerine  or  glondme,  to  tne 
notice  of  the  British  Association  at  Ipswichi  and  observed  that  from  some  experimentt 
made  upon  rabbits,  he  concluded  that  it  was  not  a  poison.  The  experiments  of  Mr. 
Field)  howeyeri  showed  that  it  possesses  a  powerful  physiologioal  action  upon  man ; 
and  the  author  had  in  a  great  number  of  instances  observed  and  experienced  violent 
and  protracted  headache  and  irregularity  of  the  heart's  action  follow  the  administra- 
tion of  a  single  drop ;  upon  animals,  viz.  frogs,  birds,  rabbits^  and  eatS|  doses  of  from 
four  to  ten  drops  produce  at  first  similar  symptoms  and  dilation  of  the  pupil  of  the  eye. 
Afler  apparent  recovery  from  these  first  effects,  a  secondary  chain  of  symptoms  set  in, 
Tiz,  vertigo,  trismus,  violent  tetanic  convulsions,  lasting  m  some  cases  for  three  or 
four  hours,  and  then  terminating  in  death  by  exhaustion.  Shortly  before  death,  ex- 
treme contraction  of  the  pupil  of  the  eye  is  observed,  and  the  animal  becomes  stupe- 
fied and  nearly  unconscious ;  when  the  animal  is  disturbed,  however,  a  convulsive 
paroxysm  takes  place,  resembling  that  produced  by  strychnine. 

Similar  experiments  were  made  upon  xyloidine  from  sugar,  washed  until  all  bitter- 
ness was  removed.    No  effects  were  produced. 

Upon  xyloidine  from  starch,  which  produced  convulsions  in  the  rabbits }  but  no 
ftatal  effects  were  produced  in  a  quantity  of  ten  grains. 

Upon  pjrroxyline  collodion,  which  produced  no  marked  effect. 

It  is  possible  in  the  latter  case  the  ether  is  antidotal  to  the  peculiar  action  of  xyloi^ 
dine,  for  when  administered  to  persons  suffering  from  the  effects  of  glonoi'ne  it  affords 
prompt  relief.    The  author  had  not  concluded  his  experiments  upon  this  subject. 

A  Process  for  the  Estimation  of  Actinism.    By  R.  J.  Fowler. 

In  the  ninth  volume  of  Gmelin  s  <  Handbook  of  Chemistry,'  we  find  it  stated  that 
*^  oxalate  of  ammonia  mixed  with  aqueous  protochloride  of  mercury  is  decomposed 
under  the  influence  of  light,  yielding  sal-ammoniac,  calomel,  and  carbonic  acid;"  it 
is  also  stated  that  '*  the  mixture  of  the  two  solutions  remains  clear  in  the  dark,  in 
daylight  it  becomes  turbid  in  six  minutes,  and  in  the  course  of  an  hour  deposits  calo- 
mel,  which  in  sunshine  quickly  falls  down  in  soft  flakes  surrounded  with  bubbles  of 
carbonic  acid.  The  filtrate  no  longer  contains  mercury,  but  chloride  of  ammonium  and 
undecomposed  oxalate  of  ammonia." 

On  seeing  this,  the  authoir  conceived  that  here  might  be  the  elements  of  a  process 
for  actinometry ;  the  following  ar^  the  results  of  Experiments  which  he  has  tried  on 
the  subject. 

It  is  perfectly  correct  Uiat  the  two  ■olutiont  nuntd  majr  be  kept  mixed  unohaqged 
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for  an  indefinite  period  in  the  dark,  that  the  precipitation  of  calomel  begins  in  about 
fifteen  or  twenty  seconds  in  full  sunshine,  and  that  this  precipitate  ceases  immediately 
the  yessel  containing  the  solutions  is  removed  from  solar  influence,  showing  that  the 
action  is  not  continued  in  darkness  aAer  the  chemical  change  has  been  partially  effected; 
that  Uie  action  of  the  actinism  is  not  in  this  ca^e  calalytic*  When  tnree  tubes  of  the 
mixed  solutions  are  exposed  to  pretty  uniform  light,  No.  1  for  ten  minutes,  No.  2 
for  twenty  minutes,  and  No.  3  for  forty  minutes,  the  results  are  that  the  tube  that  had 
been  exposed  twenty  minutes  contained  twice  the  bulk  of  precipitate  of  that  which 
had  been  exposed  but  ten  minutes,  and  the  tube  with  forty  minutes'  exposure  contained 
twice  the  bulk  of  the  twenty  minutes.  If  the  exposure  of  the  solutions  be  continued 
several  hours,  the  vessel  containing  them  will  be  completely  filled  with  a  magma  of 
the  precipitated  calomel*. 

From  these  experiments  it  is  concluded  that  the  mixture  of  solutions  of  oxalate  of 
ammonia  and  protochloride  of  mercury  is  very  sensitive  to  light ;  that  as  tliis  action 
of  light  is  not  catalytic,  all  the  precipitate  obtained  from  the  solutions  may  be  con- 
sidered as  being  produced  by  solar  influence  alone ;  and  lastly,  that  a  definite  amotmt 
of  precipitate  is  produced  by  a  definite  amount  of  actinic  force ;  thus  proving  that 
there  are  elements  of  uniformity  and  certainty  in  the  behaviour  of  the  mixed  solutions 
under  the  influence  of  light,  from  which  a  certain  method  for  estimating  the  actinic 
force  may  be  formed. 

If  extreme  delicacy  be  required  in  the  estimations,  the  precipitated  calomel  mi^ht 
be  collected,  washed,  and  dried ;  bnt  if  this  is  not  desired,  narrow  graduated  tubes 
might  be  used  for  exposing  the  mixed  solutions,  and  the  amount  of  precipitate  read 
ofi*  after  standing  a  certain  time  in  the  dark. 

The  author  used  in  these  experiments  nearly  saturated  solutions  of  the  two  salts, 
but  the  formation  of  calomel  takes  place  in  solutions  far  removed  from  the  point  &t 
saturation  ;  for  if  a  drop  of  solution  of  the  protochloride  of  mercury  containing  only 
X^  of  a  grain  of  that  salt  be  added  to  300  erains  of  a  solution  of  oxalate  of  ammonia 
and  exposed  to  the  light,  the  calomel  is  precipitated  in  a  light  powder;  and  this  delt« 
cate  reaction  may  tlierefore  be  used  as  a  confirmatory  test  for  the  presence  of  the 
protochloride  of  mercury. 

It  would  be  interesting  to  know  whether  the  absorbed  actinism  of  M.  Ni^e  de 
St  Victor  would  afiect  the  mixed  solutions.  The  author  has  tried  several  experiments 
in  this  direction,  but  not  with  sufficient  success  to  warrant  any  positive  assertions. 

On  a  Method  of  Observation  applied  to  the  study  of  some  Metamorphic  Bocks; 
and  on  some  Molecidar  Changes  exhibited  by  the  action  of  Acids  upon  them. 
By  Alphonsb  Gages,  Curator  of  the  Museum  of  Irish  Industry ^MM.!^. 
The  author,  while  admitting  that  the  ordinary  method  of  analysing  rocks  gives  their 
absolute  composition,  is  of  opinion  that  it  does  not  ^ive  any  information  as  to  their 
genesis  or  decomposition.     'Ilie  preliminary  mechanical  operations  to  which  tlie  spe- 
cimens to  be  analysed  are  submitted  wholly  destroy  their  peculiar  state  of  aggregation, 
and  mix  up  substances  that  may  not  have  been  in  combination.     He  accordingly 
proposes  a  new  method  of  examination,  which  is  applicable  in  a  great  many  cases, 
and  which  is  capable  of  leading  to  extremely  important  results  in  connexion  especially 
with  metamorphic  rocks.     His  method  is  to  expose  fragments  or  thin  laminae  cut  in 
certain  directions,  or  whole  cr}'8tals  to  the  action  of  acids,  alkalies,  or  other  solvents 
for  a  certain  time. 

The  author  gave  several  examples  illustrative  of  his  method,  of  which  the  following 
are  the  most  interesting. 

A  fibrous  dolomite  of  Miask  in  the  Ural  Mountains,  analysed  by  the  ordinary  me- 
thod, yielded  — 

Carbonate  of  lime 57*483 

„  magnesia 40*974 

Sesquioxide  of  iron  and  alumina  ....     0'411 

Water  and  organic  matter 0*239 

Silica 1*095 

100*202" 

*  The  mUed  solutions  may  be  boiled  in  darkness  widiout  any  i^redpitatkm  of  calomeU 
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Considered  alone,  these  numbers  woald  lead  to  the  mere  conclusion  that  the  rock  was 
a  dolomite ;  but  by  operating  on  a  moderately  sized  fragment  cut  in  the  direction  of 
the  fibres,  with  dilute  hydrocbloric  acid,  for  some  days,  a  skeleton  remains  of  asbes- 
tiform  tremolite  having  the  following  composition  :— 

Silica 68 

Magnesia    29 

*-a  result  which  shows  that  the  dolomidc  rock  is  a  sabsequent  formation  to  the  tre« 
molite. 

The  new  mode  of  conducting  the  examination  of  rocks,  depending  upon  the  me- 
chanical difference  of  their  preparation,  was  fhrther  advantageously  contrasted  by  the 
author.  Some  varieties  of  magnesite  leave  silico-gelatinous  residues,  by  which  the 
transition  from  meerschaum  to  a  replacing  pseudomorphite  of  carbonate  of  magnesia 
maybe  followed.  Aeain,  cr^'stal  of  Thomsonite  boiled  in  hydrochloric  acid,  deposits, 
after  removal  of  the  alkali,  a  gelatinous  transparent  precipitate,  and  an  opaline  skeleton 
remains,  presenting  the  outlines  of  the  primitive  crystal,  thus  exhibiting  the  stages 
of  alteration  through  which  these  crystals  pass.  The  opals  found  in  the  basaltic  di- 
■tricts  of  the  North  of  Ireland  have  most  probably  been  derived  from  the  gelatinous 
silica  of  the  decomposed  zeolites,  while  the  hydrophane  of  the  same  locality  resem* 
bles  in  a  remarkable  manner  some  skeletons  artiticially  obtained  from  a  laminated 
magnesite  derived  from  the  decomposition  of  basalt,  and  described  by  General  Port* 
lock  in  his  '  Geological  Report.'  This  mineral,  treated  by  acids,  leaves  a  skeleton  of 
pure  amorphous  silica  lighter  than  water,  and  having  the  perfect  form  of  the  primi- 
tive substance,  consisting  of  thin  laminae  superimposed  like  the  leaves  of  a  book. 
After  immersion  in  water  for  a  sufficient  length  of  time,  it  becomes  translucent,  and 
acquires  all  the  characters  of  certain  varieties  of  hydrophane.  If  left  exposed  to  the 
air  for  some  time,  it  loses  the  greater  part  of  its  water,  out  retains  a  mean  quantity  of 
about  6*40  per  cent,  which  corresponds  with  the  formula  3Si  O' ^  HO  given  by  Beudant 
for  an  opake  white  opal  from  Castellamonte. 

As  an  illustration  of  the  decomposition  and  subsequent  reconstruction  of  rocks,  the 
author  referred  to  a  pseudomorphite  of  laminated  quartz-rock,  derived  from  magne- 
site, which,  though  partially  crystalline,  retained  traces  of  amorphous  silica.  It  would 
appear  that  the  original  rock,  after  the  disappearance  of  some  of  its  constituents,  had 
been  infiltrated  by  the  silica  of  alkaline  silicates  derived  from  the  decomposition  of 
trappean  rocks.  The  petrifaction  of  fossil  wood  from  the  vicinity  of  Lough  Neagh 
may  be  referred  to  the  same  clasb  of  phenomena. 

Mountain  leather  and  cork  from  Londonderry,  leave,  when  treated  by  acid,  a  light 
spongy  skeleton  analogous  to  varieties  of  nectique  quartz.  All  these  substances  are 
evidently  the  result  of  a  more  or  less  advanced  state  of  alteration  of  homblendic  and 
augitic  rocks;  sometimes  the  decomposing  silicates  are  entirely  replaced  by  carbonates 
of  lime  and  magnesia,  or  with  carbonate  of  lime  alone,  and  the  original  mineral  is 
traceable  only  in  the  form  of  a  thin  superficial  film  on  both  sides  of  the  newly-formed 
carbonates.  Serpentine,  cut  into  thin  laminse  and  treated  by  acids,  exhibits  in  a  gpreat 
number  of  instances  the  original  mineral  substance  from  which  it  has  been  derived. 
The  author  concluded  by  stating  that  the  simple  treatment  of  acids  acting  upon  thin 
laminse  was  an  efficient  means  of  distinguishing  true  serpentine,  which  leave  a  skeleton 
of  amorphous  silica,  from  many  rocks  resembling  the  former  lithologically. 


On  a  new  variety  of  Pyro-electric  WavellUe.  By  Alpuonse  Gages,  MJtJ^^ 
Curator  of  the  Museum  of  Irish  Industry,  Dublin. 

The  first  specimen  with  which  the  author  became  acquainted,  was  presented  to  him 
by  Mr.  G.  H.  Kinahan  of  the  Geological  Survey,  and  was  part  of  a  block  found  in  the 
drift  on  the  banks  of  White  River,  four  miles  south  of  Loughhill,  resting  on  coal- 
measures.  It  was  accompanied  by  blocks  of  limestone,  trappean  breccia,  syenite  and 
granite.  Wavellite  has  also  been  found  by  Messrs.  Jukes  and  Kinahan  in  the  lower 
bed  of  the  coal-measures,  just  above  the  limestone,  about  three  miles  north-west  of 
Cahirmoyle. 

The  present  specimen  answers  in  some  respects  to  the  description  of  Fischerite  or 
Peganite,  as  given  by  Dufirenoy  and  Dana. 

1858.  4 
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It  is  composed  of  small  crystals  of  an  emerald-green  colour,  mingled  with  whtit 
crystals  forming  mamroillated  concretions,  cementing  fragments  of  a  quartzose  erit 
In  other  instances,  the  mineral  forms  the  cement  of  a  conglomerate  of  a  hiack 
chert-like  variety  of  jasper. 

It  ezhihits  slight  p3rro-electriQ  properties.     At  100°  C.  it  loses  a  part  of  its  water. 
Its  analysis  gave — 

Water 23-565 

Alumina 36-160 

Peroxide  of  iron 1  -812 

Phosphoric  acid    30*881 

Silica   3-615 

Oxide  of  nickel -325 

Phosphate  of  lime  (apatite)  1*578 

Fluorine trace 

Quartz 1003 

98-939 
Hence  the  formuk  5 /p]a^|3PO»-fl8HO  may  he  deduced. 

Hermann  considers  Fischerite  to  he  2AI*  0»,  P0*+8H0,  and  the  Peganite  of 
Breithaupt  as  onl^  difTering  from  it  in  containing  six  equivalents  of  water.  The 
colour  of^diis  last  is  due  to  oxide  of  copper,  hut  in  the  present  case  oxide  of  nickel  is 
the  soiu-ce.  Five  equivalents  of  the  Irish  mineral,  plus  one  equivalent  of  Al*  O*,  will 
he  equal  to  three  equivalents  of  Peganite. 

The  author  only  proposes  this  formula  as  an  expression  of  a  single  analysis;  but  aa 
a  great  many  phospnates  of  alumina  have  hitherto  heen  confounded  with  Wavellite, 
he  is  of  opinion  that  a  complete  examination  of  the  whole  series  would  he  a  desi- 
deratum. 

A  confflomerate  of  quartz  cemented  hy  white  Wavellite  was  also  found  at  some 
distance  from  the  first  specimen. 

It  is  worthy  of  ohservation,  that  nearly  all  the  varieties  of  the  mineral  are  to  be 
found  in  this  carboniferous  locality ;  and  as  many  of  these  appear  to  be  of  very  recent 
origin,  it  is  possible  that  some  phosphatic  deposits  may  exist  in  the  locality. 

On  Electrical  Discharges  as  observed  in  highly  rarefied  Carbonic  Acid  in 
contact  with  Potash.    By  J,  P.  Gassiot,  VJ^.RS. 

The  author  exhibited  a  tube  in  which  was  placed  a  piece  of  caustic  potash,  and 
explained  that  the  tube  had  been  previously  charged  with  carbonic  acio,  and  after 
bemg  exhausted,  had  been  hermetically  sealed.  The  small  residuum  of  carbonic  acid 
was  therefore  in  contact  with  potash.  This  tube,  when  cold,  showed  the  stratified 
discharge ;  but  on  melting  the  potash,  the  discharge  merelv  passed  in  the  form  of  a 
wave  without  stratifications  from  one  terminal  to  the  potash,  and  from  the  potash  to 
the  other  terminal.  As  the  potash  cooled,  the  discharge  reaasumed  its  original 
appearance.  .^__.«. 

On  reciprocal  Decomposition  between  Salts  and  their  Acid  Solvents. 
By  J.  H.  Gladstone,  PhJ).,  F.R.S. 

It  has  been  recently  shown,  that  when  two  salts  MR  and  M'R'  are  mixed  in  solu- 
tion, a  partial  interchange  of  their  component  parts  ensues,  with  the  production  of 
amounts  of  MR'  and  M'R,  depending  among  other  circumstances  on  the  relative 
quantities  of  the  original  salts.  If  to  such  a  mixture  in  solution,  an  additional  amonnt 
of  either  MR' or  M'R  be  added,  it  will  alter  the  state  of  equilibrium,  and  itself  suffer 
reciprocal  decomposition,  producing  an  additional  amount  of  both  MR  and  M'R'  in 
equivalent  proportions.  An  acid,  that  is  a  hydrogen  compound,  HR,  comports  itself 
in  such  circumstances  in  the  same  way  as  a  metallic  salt.  Hence  it  may  be  antici- 
pated that  when  a  salt  MR'  which  is  insoluble  in  water  is  dissolved  in  some  aqueoua 
acid,  reciprocal  decomposition  will  also  ensue,  and  the  addition  of  either  MR  or  HR' 
to  the  solution  will  cause  a  precipitate  of  the  original  insoluble  salt  MR'.  The  author 
had  already  adduced  instances,  in  the  Quarterly  Journal  of  the  Chemical  Society,  in- 
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-wliieh  this  extraordiDary  result  doea  actually  entue ;  he  now  drew  attention  to  the 
fact  that  it  invariably  occurs,  and  showed  that  the  reaioninff  applied  equally  to  cases 
in  which  the  salt  MR'  is  not  insoluble  in  water^  but  only  less  soluble  than  MR 
-or  HR'. 

Experiment  confirmed  this  view ;  thus,  among  other  instances,  a  saturated  solution 
of  sulphate  of  silver  in  aqueous  nitric  acid  gives  a  crystalline  deposit  of  the  sparingly 
soluble  sulphate,  if  it  be  treated  with  a  strong  solution  of  either  nitrate  of  silver  or 
sulphuric  acid.  Observations  on  the  crystals  that  separate  from  solutions  of  sulphate 
of  soda,  or  of  nitrate  of  potash,  in  hydrochloric  acid,  when  similarly  treated,  showed  at 
once  the  influence  of  mass,  and  confirmed  the  conclusion  that  at  all  times  four  com- 
pounds coexist  in  the  solution.  The  author  s  experiments  on  sparingly  soluble  salts 
dissolved  in  acids  had  all  indicated  that  the  law  of  reciprocal  decomposition  holds 
good  in  such  cases  also,  and  had  afforded  additional  support  to  the  inference,  tiiat 
if  an  acid  HR  dissolve  a  saltMW  to  saturation,  the  addition  of  either  MR  or  HR' 
will  cause  the  production  of  more  MR'  than  the  acid  can  keep  in  solution,  and  which 
must  accordingly  precipitate  or  crystallize  out. 

The  former  experiment  of  dissolving  ferric  phosphate  in  hydrochloric  acid  had 
been  tried  in  absolute  alcohol  instead  of  water,  with  a  still  greater  indication  of  the 
non-conversion  of  the  whole  of  the  iron  into  the  state  of  chloride,  and  an  equally 
clear  optical  demonstration  that  the  addition  of  more  hydrochloric  acid  increased  the 
amount  of  ferric  chloride  present. 


On  a  remarkable  Deposit  of  Carbonate  of  Lime  about  Fossils  in  the  Lower 
Lias  of  Dorsetshire.    By  George  Gladstone,  F.C.S. 

The  object  of  this  paper  was  to  bring  before  the  Section  some  very  curious  speci- 
mens of  fibrous  carbonate  of  lime,  which  the  author  found  during  a  recent  visit  to 
Lyme  Regis. 

The  lower  lias  shales,  which  are  there  very  fully^  developed,  are  in  many  instances 
parted  by  bands  of  fibrous  carbonate  of  lime,  some  of  which  are  less  than  a  quarter  of 
an  inch  thick,  while  others  are  several  inches  in  thickness :  the  fibre  runs  exactiy  at 
right  angles  to  the  surface  of  the  bands,  through  the  middle  of  which  a  dividing  line 
generally  runs,  as  if  the  deposit  has  originated  on  both  the  upper  and  under  sides 
simultaneouslv  and  met  in  the  centre. 

In  some  places  these  bands  are  full  of  what  appear  like  ammonites,  having  the 
markings  perfect  on  both  sides,  and  standing  in  high  relief,  as  if  they  were  the  actual 
shells.  On  examining  them  minutely,  however,  it  is  found  that  they  are  com^sed 
merely  of  two  layers  of  this  fibrous  carbonate  of  lime  with  the  shell  of  the  ammonite  in 
a  crushed  and  flattened  state  in  the  centre,  the  fibre  of  the  lime  still  maintaining  the 
same  direction  as  in  the  rest  of  the  band,  viz.  perpendicular  to  the  flattened  sheU,  and 
varying  in  length  so  as  to  preserve  all  the  curves  and  ridges  which  the  shell  had  when 
perfect.  In  one  specimeut  where  the  outer  whorl  of  the  ammonite  being  of  stronger 
texture  and  filled  with  sediment,  had  not  been  crushed,  the  same  deposit  appears, 
forming  a  complete  fringe  of  even  thickness,  and  thus  preserving  all  the  form  of  the 
shell  beneath. 

Some  other  shells  exhibited  the  same  curious  appearance,  but  they  are  much  less 
numerous  than  the  ammonites,  which  must  have  swarmed  at  the  time  these  beds 
were  deposited. 

On  the  Alkaline  Waters  of  Leeds.    By  W.  HuggoH. 

The  author  gave  the  results  of  an  analysis  of  a  gallon  of  water  from  Riplev's 
Well,  Dolbeck.  This  alkaline  water  appears  to  contain  a  larger  amount  of  alkahne 
matter  than  any  in  England.  The  nearest  approach  to  it  is  the  water  of  the  artesian 
well  in  Trafalgar  Square,  which,  according  to  the  analysis  of  Abel  and  Rowney,  con- 
tains 1 8  grains  of  carbonate  of  soda  in  the  gallon,  and  20  grains  of  the  whole  solid 
matter  is  chloride  of  sodium. 

I  have  examined  ten  of  the  alkaline  waters  of  Leeds,  and  found  them  to  vary  in 
the  quantity  of  carbonate  of  soda,  '^  which  is  the  alkaline  substance  they  contain," 
ftrom  24  grains  to  45  grains  per  gsJlon  of  water. 

4* 
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The  water  from  Mr.  Ripley'i  artesian  well/Holbeck,  contains  the  largest  amotiQt 
of  carbonate  of  soda,  viz,  45  grains  per  gallon.  It  also  contains  ammonia,  salphide, 
iodide,  and  bromide  of  sodium. 

This  water  I  selected  for  a  complete  analysis,  which  shows  one  gallon  to  be  of  the 
following  composition : — 

Saline  constituents— Carbonate  of  lime  ....  2*151 

„            magnesia..  1*023 

„            iron 0-045 

„            soda    ....  45*620 

„            ammonia. .  0*045 

Sulphate  of  potash  ..  1*303 

Chloride  of  sodium  ..  52*123 

Sulphide  of  sodium  . .  0740 

Iodide  of  sodium  ....  0*022 

Bromide  of  sodium  . .  trace 

Silicate  of  soda 1*312 

Silica 0*531 

Alumina   0*150 

Organic  matter 0*227 

Total  in  70,000  grains 105*292  grains. 

This  water  also  contains  carbonic  acid  gas,  nitrogen,  and  sulphuretted  hydrogen : 
a  large  amount  of  carburetted  hydrogen  is  evolved  at  its  source. 


Some  Accoani  of  Professor  Schonbein's  latest  experiments  on  the  AUotrqpie 
Conditions  of  Oxygen.    By  H.  Bence  Jones,  i/.Z>.,  P.R.S. 

On  an  Instrument  for  Measuring  the  Constant  Intensity  of  Ozofie. 
By  Edwin  Lankester,  iKf.Z>.,  F,R.S. 

This  instrument  consisted  of  two  small  rollers  included  in  a  box,  which  were  moved 
by  means  of  ordinary  clock-work.  Over  the  roller,  a  strip  of  paper,  prepared  with 
iodide  of  potassium  and  starch,  is  allowed  to  revolve,  the  paper  becominc;  exposed  to 
the  air  for  an  inch  of  its  surface,  in  the  lid  of  the  box.  Twenty-four  inches  of  paper 
pass  over  the  rollers  in  the  course  of  the  twenty  four  hours,  which  thus  registers  by  ita 
colour  the  intensity  of  the  action  of  ozone  in  the  atmosphere.  By  this  instrument 
tiie  intensity  of  the  ozone  for  every  hour  in  the  twenty-four  could  be  registered,  and 
minima  and  maxima  with  an  average  be  ascertained.  The  register  of  ozone  could  alao 
be  compared  with  those  of  the  anemometer,  and  the  relation  of  ozone  to  the  direction 
and  force  of  the  wind  ascertained.  Dr.  Lankester  pointed  out  the  importance  of 
ascertaining  the  presence  of  ozone,  on  account  of  its  undoubted  relation  to  health. 
He  drew  attention  to  a  series  of  tables  which  had  been  drawn  up  from  the  registra* 
tions  of  the  anemometer  made  at  London,  Blackheath,  and  Felixstow,  on  the  coast  of 
Suffolk.  From  these  it  was  seen  that  the  relation  of  these  three  places  were  as  0*22 
and  55.  The  instrument  acted  also  as  a  dock,  and  the  time  could  be  accurately  marked 
upon  the  ozonized  paper. 

On  the  Annual  Yield  of  Nitrogen  per  Acre  in  different  Crops. 
By  J.  B,  Lawes,  F.R.S.,  P.G.S.y  and  J.  H.  Gilbert,  PhJ).,  F.C.S. 

In  a  paper  given  last  year  at  the  Dublin  Meeting,  on  the  question  of  the  assimila. 
tion  of  free  nitrogen  by  plants,  and  some  allied  points*,  the  authors  had  stated  in 
general  terms,  that  the  amount  of  nitrogen  yielded  per  acre,  per  annum,  in  different 
crops,  even  when  unmanured,  was  considerably  beyond  that  annually  coming  down, 
in  the  forms  of  ammonia  and  nitric  acid,  in  the  yet  measured  and  analysed  aqueous 
deposits  from  the  atmosphere.  The  investigations  then  referred  to  were  still  in  pro- 
gress; und  a  desirable  introduction  to  the  record  of  the  results  would  obviously  be,  to 

*  Preliminary  Notice  of  Researches  on  the  Assimilation  of  Nitrogen  by  Plants.  By 
Messrs.  Lawes,  GUbert,  and  Pagh. 
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illustrate,  bv  reference  to  direct  experiment,  that  which  had  been  before  only  assumed, 
regarding  the  yield  of  nitrogen  in  our  different  crops.  To  this  end  the  annual  pro- 
duce of  nitrogen  per  acre  had  been  determined,  in  the  case  of  various  crops,  which 
were  respectively  grown  for  many  years  consecutively  on  the  same  land ;  namely, 
wheat,  fourteen  years;  barley,  six  years;  meadow  hay,  three  years;  clover,  three 
years  out  of  four ;  beans,  eleven  vears ;  and  turnips,  eight  years.  In  the  majority  of 
the  instances  referred  to,  the  yield  of  nitrogen  had  been  estimated,  both  for  the  crop 
ffrown  without  manure  of  any  kind,  and  for  that  with  purely  mineral  manure,  that 
18,  excluding  an^  artificial  supply  of  nitrogen.  It  was  the  object  of  the  present  com- 
munication to  give  a  summary  view  of  some  of  the  facts  thus  brought  to  light. 

Beans  and  clover  were  shown  to  yield  several  times  as  much  nitrogen  per  acre  as 
wheat  or  barley.  Yet  the  erowth  of  the  leguminous  crops,  earrying  off  so  much  ni- 
trogen as  they  did,  was  still  one  of  the  best  preparations  for  the  growth  of  wheat ; 
whilst /d/Zour  (an  important  effect  of  which  was  the  accumulation  within  the  soil  of  the 
available  nitrogen  of  two  years  into  one),  and  adding  nitrogenotts  manures^  had  each 
much  the  same  effect  in  increasing  the  produce  of  the  cereal  crops. 

Other  experimental  results  were  adduced,  which  illustrated  the  fact,  that  four  years 
of  wheat,  alternated  with  fallow^  had  given  as  much  nitrogen  in  the  eight  years  as 
eight  crops  of  wheat  grown  eoraecutivelg.  Again,  four  crops  of  wheat,  grown  in  altera 
nation  with  beans,  had  given  nearlv  the  same  amount  of  nitrogen  per  acre  as  the  four 
crops  grown  in  alternation  with  fallow ;  consequently,  also  much  about  the  same  as 
the  eight  crops  of  wheat  grown  consecutively.  In  the  case  of  the  alternation  with 
leant,  therefore,  the  whole  of  the  nitrogen  obtained  in  the  beans  themselves,  was  over 
and  above  that  which  was  obtained,  during  the  same  series  of  years,  in  wheat  alone, 
—whether  the  latter  was  grown  consecutively,  or  in  alternation  with  fallow. 

Interesting  questions  arose,  therefore,  as  to  the  varying  sources,  or  powers  of  accu- 
mulation, of  nitrogen,  in  the  case  of  crops  so  characteristically  differing  from  one  an- 
other as  those  above  referred  to. 

It  had  been  found  that  the  leguminous  crops,  which  yielded  in  their  produce  such 
a  comparatirely  large  amount  of  nitrogen  over  a  given  area  of  land,  were  not  spe- 
cially benefited  by  the  direct  application  of  the  more  purely  nitrogenous  manures. 
The  cereal  crops,  on  the  other  nand,  whose  acreage  yield  of  nitrogen  under  eqOal 
circumstances  was  comparatively  so  small,  were  very  much  increased  by  the  use  of 
direct  nitrogenous  manures.  But  it  was  found  that,  over  a  series  of  years,  only  about 
four- tenths  of  the  nitrogen  annually  supplied  in  manure  for  wheat  or  barley  (in  the 
form  of  ammonia  salts  or  nitrates),  were  recovered  in  the  immediate  increase  of  crop. 
Was  any  considerable  proportion  of  the  unrecovered  amount  drained  away  and  loat? 
Was  the  supplied  nitrogenous  compound  transformed  in  the  soil,  and  nitrogen  in 
some  form  evaporated  ?  Did  a  portion  remain  in  some  fixed  and  unavailable  state  of 
combination  in  the  soil  ?  Was  ammonia,  or  free  nitrogen,  given  off*  during  the  growth 
of  the  plant?  Or,  how  far  was  there  an  unfavourable  distribution,  and  state  of  com- 
bination, within  the  soil,  of  the  nitrogenous  matters  applied  directly  for  the  cereal 
crops,^those,  such  as  the  leguminous  crops,  which  assimilated  so  much  more,  gather- 
ing with  greater  facility,  and  from  different  ranges  of  soil,  and  leaving  a  su£Scient 
available  nitrogenous  residue  within  the  range  of  collection  of  a  succeeding  cereal 
crop  ?  These  questions,  among  others,  which  their  solution  more  or  less  involved, 
required  further  elucidation  before  some  of  the  most  prominent  of  agricultural  facts 
could  be  satisfactorily  explained. 

Comparing  the  amount  of  nitrogen  yielded  in  the  different  crops,  when  grown 
without  nitrogenous  manure  as  above  referred  to,  with  the  amount  falling  in  the  mea- 
sured aoueous  deposits,  as  ammonia  and  nitric  acid,  it  appeared,  taking  the  average 
result  of  the  analyses  of  three  years'  rain,  that  all  the  crops  yielded  considerably  more, 
and  some  very  much  more,  than  so  came  down  to  the  soil.  The  same  was  the  case 
when  several  of  the  crops  had  been  grown  in  an  ordinary  rotation  with  one  another, 
but  without  manure,  through  two  or  three  successive  courses.  Was  this  observed 
excess  of  amount  in  the  yield  over  that  in  the  yet  measured  sources,  at  all  materially 
due  merely  to  the  extraction  by  the  crops,  of  nitrogenous  compounds  previously  ac- 
dimulatea  within  the  soilf  Was  it  probably  attributable  chiefly  to  the  absorption  of 
ammpnia  or  nitric  acid,  from  the  air,  by  the  plant  itself,  or  by  the  soil  ?  Was  there 
any  notable  formation  of  ammonia  or  nitric  acid,  from  the  free  nitrogen  of  the  at- 
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moephere?    Or,  did  pUmto  generally,  or  some  in  particalsr,  aatimilate  tint  frtt 
niirogtni 

As  already  intimated,  some  of  the  points  which  had  been  alluded  to  irate  at  the 

E resent  time  under  investisation  ;  the  authors  haviI^(  in  this  the  able  cooperation  of 
h.  Pu£h.  Others,  it  might  be  hoped,  would  receire  elucidation  in  the  course  of 
time.  There  of  course  still  remained  the  wider  questions— of  the  original  source,  and 
of  the  distribution  and  circulation,  of  combinea  nitrogen,  in  the  sou,  in  animal  and 
vegetable  life  on  the  earth's  surface,  and  in  the  atmosphere  above  it. 


On  the  Action  of  Hard  Waters  upon  Lead, 
By  W.  Lauder  Lindsay,  M,D,<,  FJj,S. 

It  is,  and  has  long  been  currently  believed, — 1.  That  where  there  is  free  access  of 
atmospheric  air,  pure  or  soft  waters,  that  is  waters  absolutely  or  comparatively  free 
from  saline  ingredients,  readily  corrode  or  erode  lead,  aod  become  impregnated,  some- 
times to  a  poisonous  degree,  with  some  of  the  salts  thereof.  2.  That  the  rapidity 
and  extent  of  this  solvent  or  corrosive  action  are  proportionate  to  the  purity  of  the 
water,  that  is,  its  freedom  from  neutral  salts.  3.  That  tmpure  or  hard  waters,  that 
is  waters  containing  a  considerable  amount  of  neutral  salts,  do  not  so  affect  or  b«:ome 
impregnated  with  lead.  4.  That  such  waters  are  prevented  from  acting  on  lead  by« 
or  in  virtue  of,  their  saline  constituents,  which  exert  a  sort  of  protective  or  preserva- 
tive power  in  regard  to  the  lead.  5.  That  if  a  given  water  does  not  within  a  short 
period  cause  a  white  coating  on  freshly-burnished  lead  plates  or  rods,  it  may  be 
regarded  as  destitute  of  any  corrosive  action,  and  may  therefore  be  safely  allowed 
to  be  kept  in  leaden  cisterns  and  transmitted  through  leaden  pipes. 

The  author's  experiments  and  inquiries  have  led  him  to  the  following  somewhat 
opposite  conclusions  : — 1 .  That  certain  pure  or  eqft  waters  do  not  act  upon  lead.  2. 
That  certain  tsipttre  or  hard  waters,  in  some  cases  containing  abundance  of  the  very 
aalts  which  are  generally  regarded  as  most  protective  or  preservative,  do  act  upon  lead. 
3.  That  the  rationale  of  the  action  in  these  anomalous  or  exceptional  cases  is  very 
imperfectly  understood.  4.  That  experimentation  on  the  small  scale  and  for  short 
periods  is  most  fallacious,  and  frequently  dangerous,  in  regard  to  the  conclusions 
thence  to  be  drawn.  5.  That  water  may,  under  certain  circumstances,  and  to  cer- 
tain exteots,  contain  lead  without  necessarily  being  possessed  of  poisonous  action 
on  the  human  system.  6.  That  water  contaminated  with  lead  may  deleteriously 
affect  certain  members  or  individuals  only  of  a  community,  family,  or  household. 
7.  That  the  use  of  water  so  contaminated  is  the  obscure  cause  of  many  anomalous 
colic  and  paralytic  affections. 

One  chief  object  of  the  paper  is  to  illustrate  the  second  of  the  latter  propositions, 
viz.  that  hard  waters  frequently  do  act  upon  lead.  The  author  tabulates  the  various 
theories  or  explanations  that  have  been  or  that  may  be  advanced  to  account  for  the 
action  of  such  waters  upon  lead,  as  follows : — 

1.  Gralvanic  action  from  the  contact  of  different  metals,  or  of  different  qualities  of 
the  same  metal,  under  water. 

2.  Unusually  small  quantity  of, — 

o.  ITie  neutral  salts  generally,  or  in  the  aggregate. 

h.  Particular  neutral  salts,  such  as  the  carbonates  and  sulphates. 

3.  Use  of  leaden  covers  to  cisterns. 

4.  Long  exposure  of  still  water  to  the  same  surface  of  metal,  as  in  the  storing 
up  of  water  in  lead  cisterns. 

5.  Great  extent  of  surface  of  metal  exposed  to  the  action  of  water. 

6.  Unusually  large  proportion  of  carbonic  acid  in  the  water. 

7.  Unusually  large  proportion  of  atmospheric  air  in  the  water. 

8.  Presence  of  nitrite  of  ammonia  in  the  water. 

9.  Presence  of  acids,  derivable  from  decaying  or  dead  animal  or  vegetable  matter. 

10.  Presence  of  foreign  bodies  or  accidental  impurities. 

11.  Chemical  or  electro-chemical  causes,  with  which  we  are  at  present  unao- 
quainted* 

The  author  refers  to  the  first  of  these  theories  or  explanations — galvanic  agency 
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\  one  oir  gtetii  importance,  and  he  strongly  conunends  it  to  the  notice  of  chemists 
and  electricians  as  a  subject  still  requiring  to  be  worked  out.  It  would  appear  that 
the  necessary  use  of  solder, — ^the  presence  of  portions  of  other  metals  than  lead  in 
any  form  in  contact  with  lead, — inequalities  in  the  surface  of  the  lead  sheeting, — the 
«se  of  lead  from  different  factories  and  of  different  composition  (as  lead  made  with 
old  solder,  or  containing  silver  unextracted), — may  each  and  all  determine  galvanic 
action,  which  facilitates,  to  a  dangerous  degree,  the  corrosive  action  of  hard  water 
on  lead.  What  renders  galvanic  action  the  more  dangerous  and  the  more  important 
is,  that  it  is  strongest  in  hard  waters,  that  is,  in  those  containing  more  or  less  neutral 
salts,  which,  under  other  circumstances,  would  exert  their  usual  protective  influence 
on  the  lead. 

The  paper  contains  several  illustrations  of, — 1.  corrosion  or  erosion,  to  such  an 
extent  as  to  cause  repeated  leakage,  of  leaden  cisterns,  by  waters  of  various  degrees 
and  kinds  of  hardness,  or  containing  various  kinds  and  amounts  of  neutral  salts ; 
and  2.  the  poisonous  action  of  such  water,  when  impregnated  with  lead,  on  the 
human  body.  It  also  contains  a  series  of  comparative  chemical  analyses,  made  with 
a  view  to  ascertain  the  condition  as  to  hardness,  or  the  nature  and  amount  of  the 
saline  constituents,  as  well  as  the  action  upon  lead,  of  various  waters  used  for  culinary 
and  drinking  purposes  in  and  around  Perth. 

The  author  refers  to  the  mechanical  and  chemical  means  of  protecting  the  lead 
of  cisterns  and  pipes  against  the  corrosive  action  of  water.  Of  mechanical  means, 
he  gives  as  illustrations  the  coating  of  the  lead  with  compositions  of  rosin  and  tallow, 
or  similar  substances ;  and  the  patent  processes  of  Mr.  Davis  of  Lambeth,  LfOndon, 
for  lining  the  interior  of  leaden  pipes  with  tin,  or  with  gutta  percha,  caoutchouc, 
gum-lacs  or  bitumen.  The  substitution  of  other  metals— of  wood,  glass,  earthenware, 
or  gutta  percha  for  lead — in  the  construction  of  cisterns  and  pipes,  is  also  referred  to. 
Of  chemical  means,  he  instances  the  addition  to  the  water  of  powerfully  protective 
salts,  such  as  the  phosphate  of  soda,  or  the  iodide  of  potassium  in  minute  propor- 
tion. 

The  author  believes  that  cases  of  lead  poisoning,  in  a  minor  degree,  are  still  con- 
stantly occurring  in  all  our  large  towns  from  the  plumbeous  impregnation  of  our 
drinking  waters ;  and  he  impresses  the  necessity  of  inquiring  at  once  into  the  con- 
dition of  the  water  supply  whenever  obscure  colic  or  paralytic  complaints  exhibit 
themselves,  otherwise  inexplicable,  especially  if  it  be  found  that  several  persons  are 
simultaneously  affected*.  

On  an  improved  Electric  Lamp  invented  and  manufactured  by  Mr.  William 
Hart,  Edinburgh,  (Communicated  by  Dr.  Stevenson  Macadam, 
FM.SJE.) 

The  relation  i^hich  the  several  parts  of  this  lamp  bear  to  each  other,  will  be  better 
understood  by  following  the  route  which  the  electricity  takes  in  its  travels  through 
the  lamp.  The  wire  attached  to  one  of  the  extremities  of  the  battery  is  brought  to 
a  binding-screw,  which  is  in  metallic  connexion  with  the  cylindrical  base  of  the 
arrangement  and  the  lower  charcoal  rod.  The  latter  is  immoveable,  and  constitutes 
one  of  the  poles  of  the  voltaic  battery.  The  wire  coming  from  the  opposite  end  of 
the  battery  is  placed  in  a  connecting  screw  (which  is  insulated  from  the  cylindrical 
base  by  the  insertion  of  a  ring  of  ivory),  passes  up  the  centre  of  a  hollow  stem  (also 
insulated  from  the  cylindrical  base  by  ivory),  is  led  through  a  canal  in  the  centre  of 
an  arm  placed  at  right  angles  to  the  stem,  and  is  then  wound  round  an  electro- 
maffuet  suspended  in  a  vertical  position  from  the  arm.  Thus  far  the  wire  is  covered 
with  silk,  and  hence  does  not  come  into  metdlic  connexion  with  the  other  parts  of 
the  lamp ;  but  having  completed  its  required  course,  it  is  soldered  to  the  electro- 
magnet, and  thus  becomes  metallically  connected  with  the  upright  stem  and  all  its 
appurtenances,  including  a  iile-like  rod,  grasping  the  upper  charcoal  rod,  which  is 
moveable  and  forms  the  second  electrode. 

When  the  battery  is  not  in  action,  the  roughened  or  file-like  rod,  with  its  attached 
upper  carbon  pole,  is  not  upheld  by  any  dence,  but  simply  reclines  on  the  lower 

*  The  paper  will  be  found  published  at  length  in  the  "  Edinburgh  New  Philosophical  Jour- 
nal"  for  April,  1859. 
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carbon  rod ;  but  wbenever  tbe  voltaic  current  is  allowed  to  circulate,  the  eleetro- 
magnet  is  formed  and  its  armature  is  drawn  up ;  a  ring  connected  with  the  armature 
compresses  tbe  halves  of  a  hollow  wedge ;  the  upper  ^ges  of  the  wedge  fix  into  the 
grooves  in  the  file-like  rod  with  its  attached  carboUi  and  in  the  general  movement 
upwards  the  latter  is  slightly  raised  from  the  lower  carbon,  and  the  light  is  inatandy 
produced. 

It  will  thus  be  observed,  that  the  ring  attached  to  the  armature  performs  two  oflket 
when  drawn  up  towards  the  electro-magnet: — in  the  first  place,  rising  from  a  narrower 
part,  where  it  loosely  surrounds  the  hollow  wedge,  it  tightly  embraces,  when  bslf- 
mast  high,  the  wider  part  of  the  wedge,  and  compels  it  to  set  in  tightly  to  the  file-like 
rod ;  and  in  the  second  place,  having  firm  hold  of  the  wedge,  it  drags  up  that  part 
with  the  now  adherent  roughened  rod  and  upper  carbon,  and  hold^  these  suspended 
at  the  proper  distance.  The  light  continues  to  bum  steadily  till  the  charcoal  points 
by  combustion  and  the  transference  of  carbon  have  their  proner  distance  from  each 
other  increased  to  that  point  when  the  electricity  ceases  to  flow ;  then  the  electro- 
magnet loses  its  attracting  power,  the  armature  and  the  attached  ring  fall  down ;  the 
halves  of  the  wedge,  separate  from  each  other,  loose  their  hold  of  the  file-like  rod,  and 
allow  the  latter  to  descend  by  the  force  of  eravitatiou,  tiU  the  upper  charcoal  penal 
touches  the  lower  carbon  rod,  when  instantly  the  electrical  current  is  re-established, 
the  magnet  is  reformed,  and  the  upper  carbon  is  again  drawn  up.  So  momentarily 
does  this  extinguishing  and  relighting  of  the  lamp  occur,  that  the  interval  of  darkneii 
is  hardly  observable  to  the  naked  eye.  In  duration  of  time,  as  also  in  the  convulsiTe 
throb  wnich  the  moveable  parts  of  the  apparatus  then  give,  the  phenomenon  greatly 
resembles  the  beat  of  the  heart  of  an  animal.  The  lamp  may  be  accommodated  to 
any  size  of  battery  sufficient  to  show  the  light.  By  means  of  a  series  of  screws  in 
connexion  with  the  armature,  and  the  supporting  arm,  tbe  moveable  and  adjusting 
part  of  the  lamp  may  be  lowered  from  the  electro-magnet  or  raised  towards  it.  If 
the  battery  be  small,  then  the  lifting  arrangement  is  screwed  up  near  the  magnet; 
whilst  if  the  battery  be  large,  and  a  corresponding  amount  of  electricity  at  command, 
the  regulators  are  placed  further  from  the  lifting  power,  and  when  the  voltaic  cur* 
rent  traverses  the  arrangement,  the  moveable  carbon  is  drawn  up  a  greater  distance, 
more  space  is  presented  between  the  carbon  poles,  and  necessarily  a  longer  and  more 
dazzling  arc  of  flame  is  formed. 


On  M.  de  Luca's  Claim  to  be  the  Discoverer  of  the  Non^Presence  of  Iodine 
in  the  Atmospheric  Air,  Bain-  Water^  and  Snow.  By  Dr.  Stevxnson 
Macadam.  

Note  on  the  Production  of  a  Frosted  Surface  on  Articles  made  of  Aluminium. 
By  Stevenson  Macadam,  PhJ).^  P.R.S.E^  F,C.S,y  Lecturer  on  Che' 
mistry^  Surgeons'  Hall,  Edinburgh. 

The  attention  of  the  author  was  directed  to  this  subject,  on  the  occasion  of  pre- 
paring several  class  medals  from  the  rare  metal  aluminium.  The  metal  was  obtained 
direct  from  Paris  in  small  ingots.  The  die-stomper  in  this  country  fused  the  bars  of 
aluminium  and  recast  the  metal  in  a  form  of  ingot  mould,  more  suitable  for  the  after 
operations.  The  metal  bars  thus  obtained  were  subjected  to  rolling,  then  annealed, 
and  the  medals  struck.  Every  care  was  taken  to  have  the  die  perfectly  clean  and 
highly  polished,  and  yet  the  medals  were  always  obtained  with  a  tarnished  appear- 
ance on  the  surface,  which  rendered  still  more  unacceptable  the  blue  zinc  hue  which 
the  aluminium  presents  when  most  free  from  surface  blemishes.  An  attempt  was 
made  to  get  nd  of  the  tarnished  surface  by  friction  or  polishing,  but  tliis  did  not 
sensibly  remove  the  stains.  It  was  then  resolved  to  frott  the  medals  in  the  same 
way  as  silver  articles  are  frosted,  viz.  by  the  employment  of  hydrochloric  acid  into 
which  the  heated  metal  is  dipped ;  but  the  action  of  acids  on  aluminium  was  so  slow, 
that  they  failed  to  produce  the  requisite  efiect,  and  their  employment  was  dispensed 
with. 

The  author  then  introduced  the  aluminium  articles  into  a  solution  of  caustic  potssh 
raised  to  a  temperature  above  blood-heat,  which  immediately  attacked  the  metal, 
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hydrogen  being  disengaged,  and  very  shortly  the  aluminium  assumed  a  fine  white 
frosted  appearance.  The  solution  of  caustic  potash,  wheu  concentrated,  acts  very 
violently  upon  the  aluminium ;  and  if  the  metal  were  not  speedily  rescued,  it  would 
soon  entirely  disappear.  Even  a  dilute  potash  solution  at  a  blood-heat  will  slowly 
•produce  the  frosted  appearance. 

The  author  suggests  that  the  process  now  indicated  may  be  found  of  service  in  tlie 
arts.  Aluminium  has  hitherto  proved  itself  to  be  unacceptable  on  account  of  its 
similarity  in  appearance  to  zinc,  nut  now  a  frosted  surface  may  be  communicated  to 
articles  made  of  aluminium,  which  rivals  that  of  frosted  silver,  and  which  possesses 
this  great  advantage  over  silver,  that  it  is  not  liable  to  be  acted  upon  by  sulphuretted 
hydrogen,  such  as  silver  is,  but  continues  to  retain  its  fine  white  m>sted  appearance. 


On  the  Combustibility  and  other  Properties  of  the  Rarer  Metals. 
By  J.  A.  Matthiessen,  Ph.D.y  F.C.S. 

The  author  gave  a  description  of  the  very  beautiful  metals  obtained  from  the  alkalies 
and  alkaline  earths,  which  was  illustrated  by  the  exhibition  of  a  variety  of  these  metals, 
as  attractive  as  unusual.  The  specimens  of  sodium,  lithium,  potassium,  calcium, 
strontium,  &c,  were  regarded  with  great  interest,  and  their  combustion  in  an  intensely 
brilliant  white  light  elicited  frequent  expressions  of  admiration.  Their  extreme 
lightness  was  dwelt  on,  lithium  being  lighter  than  any  liquid,  and  possessing  little 
more  than  half  the  specific  gravity  of  water.  From  magnesium  the  combustion  re« 
suited  in  an  ash  hollow  throughout 

On  Chromatic  Photographs*    By  John  Mercer,  F,R,S. 

The  author  exhibited  a  number  of  coloured  photographs,  some  on  paper  and  others 
on  calico,  which  had  been  prepared  by  the  following  process : — 34  ozs.  of  sulphate  of 
iron  are  converted  into  peroxalate ;  this  is  diluted  to  two  gallons,  and  will  impregnate 
200  square  yards  of  paper,  the  paper  being  floated  on  the  solution  till  fully  wet  in 
the  usual  way»  It  is  then  exposed,  and  afterwards  steeped  in  some  solution  which 
only  acts  on  that  part  where  the  iron  has  been  reduced  from  the  per-  to  the  prot-oxide. 
Red  prussiate  of  potash  and  sulphuric  acid  act  well,  making  the  image  blue,  and 
leaving  the  ground  white.  Sulphucyanide  of  potassium  and  a  salt  of  copper  form 
another  bath ;  the  protoxide  of  the  picture  deoxidizes  the  copper,  and  the  sulpnocyanide 
of  the  suboxide  of  copper  is  fixed  in  the  paper  or  cambric.  This  mav  be  converted 
into  the  red  copper  prussiate.  A  vast  number  of  coloiurs  may  be  obtained  b^  re« 
placing  the  iron  or  copper  by  other  metals,  such  as  lead,  zinc,  tin,  mercurv,  silver, 
gold,  or  manganese.  With  these  bases  may  be  used  various  dyes,  as  madder,  co- 
chineal, murexidc,  logwood,  galls,  or  quercitron  bark,  besides  the  iodides,  chromates, 
prussiates,  or  oxides  of  the  metals  themselves  and  mixtures  of  these. 

The  author  showed  how  the  peroxalate  paper  might  be  used  as  a  fair  actinometer, 
by  placing  a  slip  between  the  leaves  of  a  book,  and  pulling  it  out  by  steps  every 
stated  number  of  seconds.    It  is  then  easily  converted  into  a  graduated  scale. 

On  the  Relation  of  the  Atomic  Weights  of  the  Families  of  the  Elements. 
By  John  Mercer,  F.R.S. 

It  is  well  known  that  where  three  or  more  elements  form  a  well-defined  grouo  or 
family  (such  as  lithium,  sodium,  and  potassium),  their  atomic  weights  are  found  to 
stand  in  some  simple  relation  to  one  another.  The  present  paper  pointed  out  many 
of  these  numerical  relations,  and  those  which  arise  when  the  equivalents  of  one  group 
are  subtracted  from  the  equivalents  of  another  group.  Thus,  for  example,  the  lithium 
group  may  be  supposed  to  be  constructed  in  a  similar  manner  to  the  group  of  organic 
radicals,  hydrogen,  methyl,  ethyl,  &c.,  as  shown  in  the  subjoined  Table,  where  c>ssU 
Lithium  s  L  at.  wt.  7  corresponding  to  H 
Sodium. .    =  6a  L3        „        23  „  C,  Hg 

Potassium  s  b^  L5         „        39  „  C4  H5 

Thus  also,  for  example,  if  the  atomic  weights  of  the  nitrogen  group  be  subtracted 
from  those  of  the  fluorine  group,  the  residue  is  in  each  case  5< 
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Cari)oii...a5  +1  m    6a:  a&+ft  comipondiiig  to 

Boron  ...«5a+l  «  n«2a4+6  „  Methyle. 

Silicon... -64+1  »  21ai4fl6+ft  „  Kthyle. 

Zircon. ..=54+  1«  31s4ii6+6  »  Propyle. 

The  following  family  was  also  included  in  Mr.  Mercer's  calculations : — 

Fluorine  =i5+N  k  19 

Chlorine  b5+P  "  36 

Bromine  sx54-Asai  81 

Iodine     s5+S5al26 
From  the  taUes  exhibiting  the  possible  construction  of  elements,  the  following 
may  be  taken  as  an  example,  introducing  as  it  does  two  other  fiimilies :~ 


4,        Si 

0. 

4,               S3 

Mg. 

4.        = 

S. 

4         = 

Ca. 

^10       ^ 

Se. 

Sr. 

4i«       ^ 

Te. 

^IT           ** 

Ba. 

4    +3= 

L. 

45+3  = 

Na. 

4, +3  = 

K. 

It  will  be  observed  that  each  member  of  the  magpeslum  group  is  4  in  advance  of 
the  corresponding  member  of  the  oxygen  group. 


On  the  Atom  of  Tin.    By  Dr.  W.  Odling,  F.C.S. 

The  author  argued,  from  both  original  and  recorded  experiments,  that  the  atomic 
weight  of  tin  was  not  59,  as  usually  accepted,  but  the  double  thereof,  or  118;  and, 
consequently,  that  stannous  salts  were  not  protosalts,  but  bisalts ;  and  stannic  s|dts 
not  bisalts,  but  quadrisalts.  This  view  was  supported  by  the  following  conMderations : 
namely,  that  stannous  oxide  has  the  property  of  expelling  carbonic  acid  from  f\isea 
alkaline  carbonates ;  that  stannous  oxide  aoes  not  form  any  combination  with  carbonic 
acid ;  that  stannous  salts  are  completely  decomposed  bv  chalk  and  insoluble  carbon- 
ates, even  at  ordinary  temperatures;  that  stannous  chloride  is  readily  fusible  and 
yolatile,  and  is  decomposed  to  a  considerable  extent  by  water;  that  stan-ethyl,  or 
stannous  ethyl,  has  not  the  properties  of  a  prot-ethylide,  but  of  a  per-ethylide,  as  in- 
stanced by  the  facility  with  which  it  combines  with  oxygen  and  chlorine,  and  replaces 
the  basic  hydrogen  of  different  acids ;  that  the  vapour-density  of  stannic  chloride 
requires  the  existence  of  four  atoms  of  chlorine  in  its  molecule ;  and,  lastly,  that 
stannic  fluoride  corresponds  closely  to  silicic  fluoride,  the  molecule  of  which,  as  shown 
by  its  vctpour-density,  contains  four  atoms  of  fluorine. 


On  the  Purple  Dye  obtained  from  Coai^  Tar.    By  W.  H.  Perkik,  F.C.S. 

This  dve,  a  specimen  of  which  was  exhibited,  is  a  product  of  the  oxidation  of  ani- 
line by  bichromate  of  potash.  It  is  a  bronze-coloured  substance,  dissolving  in  alcohol 
with  a  beautiful  purple  colour.  It  is  difficultly  soluble  in  water,  but  more  soluble 
in  acidulated  water.  Like  indigo,  it  is  perfectly  decolorized  by  the  hydrated  prot- 
oxide of  iron,  the  colour  being  restored  again  by  exposure  to  the  air.  It  dissolves  in 
concentrated  sulphuric  acid,  forming  a  men  solution,  which,  upon  the  addition  of 
water,  precipitates  the  colour  unchanged.  It  is  not  affected  by  digestion  with  an 
alcoholic  solution  of  pNDtash.  It  decomposes  slowly  at  250^0.  It  is  applicable  for 
dyeine  and  printing  silk,  cotton,  or  wool.  Its  colour  is  exceedingly  intense,  one 
pound  of  the  solid  substance  dyeing  no  less  than  200  lbs.  of  ootten  a  moderately  dark 
lilac.  The  colours  thus  produced  are  very  permanent,  standing  the  action  of  light 
and  heat,  acids  and  alkalies.    Samples  of  silk  dyed  with  it  were  exhibited. 
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On  the  Atomic  Weighii  of  the  ElemenU  a  Six  Chemical  Famittes. 
By  John  Mbrcbr,  FJLS. 
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*  Oxygen  and  Magnetian  Groupt,  showing  the  itepa  or  difference  between  each  member ; 
they  are  parallel^  except  that  Mg  is  raised  up  4^  t  This  pair,  Nitrogen  and  Chlorine 
Groups,  are  the  same,  but  CI  is  raised  up  5^  |  Oxygen  and  Bfagnesian,  full  lengths, 

Mg  4  longer.        §  Nitrogen  and  Chlorine  Groups,  fiiU  lengths.  Chlorine  5^  longer. 
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On  a  new  Method  for  the  Quantitative  Estimation  of  Nitric  Acid. 
By  Dr.  Pugh. 
The  author  found  that  the  action  of  nitric  acid  upon  nrotochloride  of  tin,  in  a  sola- 
tion  strongly  acidified  with  chlorhydric  acid,  producea  perchloride  of  tin  and  am- 
monia according  to  the  formula  (NO,4-8SnCl4-8HCl=NH,+8SnCl+5HO) ;  but 
tiiat  the  reaction  was  not  completed,  at  the  boiling-point,  under  ordinary  pressure^ 
even  when  maintained  at  this  point  for  several  hours.  The  results  obtainea  at  ordi- 
nary pressure  with  long-continued  boiling,  presented  no  constant  value,  and  die 
maximum  degree  of  oxidation  afforded  did  not  amount  to  quite  three-fourths  of  the 
whole  quantity  required  by  the  formula  given  above. 

But  on  heating  the  mixture  in  an  oil-bath,  in  glass-stoppered  bottles,  or  in  herme- 
tically sealed  tubes,  to  160^  Centigrade,  the  reaction  was  completed  in  10  minutes. 
Upon  this  reaction  he  proposed  to  found  two  methods  for  the  determination  of  nitric 
acid,  either  one  or  both  of  which  could  be  used  with  the  same  quantity  taken  for 
analysis. 

(a.)  FirU  Method, — This  consists  in  ascertaining  how  much  protochloride  of  tan  is 
converted  into  perchloride  during  the  reaction. 

(b.)  Second  Method, — This  takes  advantage  of  the  ammonia  formed  during  the 
reaction.  It  is  separated  by  distillation  with  an  excess  of  fixed  alkali  and  the  di- 
stillate caught  in  a  receiver,  with  a  known  quantity  of  acid,  which  is  then  treated 
according  to  Pelieot*s  method  for  estimating  nitrogen. 

In  the  first  metnod  the  amount  of  protochloride  of  tin  converted  into  perchloride  by 
the  nitric  acid  is  ascertained  by  trituratine  equal  quantities  of  the  tin  solution  before 
and  after  the  reaction  with  the  nitrate  to  be  examined.  This  is  done  by  ascertaining 
how  much  of  a  solution  of  known  strength  of  bichromate  of  potash  will  be  converted 
into  the  sesquioxide  of  chromium  by  a  given  quantity  of  the  protochloride  solution, 
according  to  the  formula 

2(Cr03)4-3HCl+3'SnCl=Cr,0,-h3HOH-3SnCl2, 
the  point  of  complete  chloridation  being  ascertained  according  to  String's  method  by 
the  intensely  blue  colour  produced,  on  the  liberation  of  free  iodine,  from  iodide  of 
potassium,  in  the  presence  of  starch,  by  the  first  trace  of  chromic  acid  over  that  re- 
quired to  chloridate  the  tin. 
From  the  reactions 

NO,-h8(HCl-hSnCl)=NH,+8SnCl,4-5HO  and 
KO.(Cr03)24-3(HCl+SnCl)=KO-hCraOa-h3(HO-hSnCg, 
we  get 

NO5  corresponding  to  f  (KO.(CrO,),) ; 
and  hence,  without  knowing  the  value  of  the  strength  of  the  protochloride  solution,  ex- 
cept in  terms  of  the  bichromate  used,  we  get  the  amount  of  nitricacid  present.     Thus 
Let  A  ai  weight  of  bichromate  in  a  unit  of  volume  of  the  solution  used ; 
and  Nssthe  number  of  these  units  which  corresponds  to  the  whole  tin  solution 
used  in  a  determination ; 
nsthe  number  of  the  same  units  corresponding  to  the  unoxidized  portion 
of  the  tin,  after  the  reaction  with  the  nitric  acid ; 
then  N— neasthe  number  of  units  of  volume  of  the  bichromate  solution  which  cor- 
respond to  the  nitric  acid  deoxidized ; 
(N—ft)as  weight  of  the  bichromate  corresponding  to  the  nitric  acid  deoxidized ; 

The  quantity  (a)  may  be  taken  so  small  in  relation  to  tlie  unit  of  volume  in  which 
it  is  dissolved,  that  a  quantity  of  that  solution  corresponding  to  *00005  grm.  nitric 
acid  may  be  read  off  on  the  burette  with  ease.  Such  was  the  case  with  the  five  con- 
secutive analyses  below : — 

Nitric  acid  taken '00539  grm. 

Nitric  acid  found -00541 

„  -00541 

„   -00541 

'00532 


!!  !!!!!!!'.!•••  -00546 
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For  these  experiments,  sealed  glass  tubes,  about  i  an  inch  in  diameter  and  5  to  7 
inches  long,  were  used. 

Wlien  large  quantities  of  nitric  acid  are  supposed  to  be  present,  (a)  must  be  larger, 
aiid  consequently  the  extreme  delicacy  of  the  process  is  impaired ;  yet  for  *078  grm. 
it  gave  accurate  results  to  tenths  of  millegrams. 

In  the  second  process. 
Let  a  a  weight  of  normal  acid  (SO,)  used  to  absorb  the  ammonia  given  off  in  the 
distillate  from  the  products  of  the  action  of  the  nitric  ana  upon  the  pro- 
tochloride  of  tin ; 
Nsthe  number  of  volumes  used  in  a  single  determination ; 
N'sthe  number  of  volumes  of  an  alkaline  solution  (of  such  strength  as  will 
allow  accurate  reading)  which  neutralize  N  volumes  of  the  acid  solution ; 
ft  =5  the  number  of  volumes  of  the  alkaline  solution  necessary  to  complete  the 
neutralizing  action  after  the  absorption  of  the  ammonia  in  question ; 


then  (N'-ii)|yXax^«N05  present. 


This  gave  in  four  consecutive  analyses,- 

Nitric  acid  used   *00539 

Nitric  acid  found  •« • « . . .  ^ <  *0045 

»  ff     *0049 

»  if     ...i ...•.•0048 

,1  i,     -0047 

The  second  process  is  not  quite  so  exact  as  the  first,  because  of  the  want  of  delicacy 
in  the  process  for  the  determination  of  ammonia;  yet  it  is  true  to  two-tenths  of  a 
millegram  of  the  nitrogen  present. 

In  order  to  use  the  first  process,  no  easily  deoxidizable  substance  should  be  present. 
The  author  had  not  yet  learned  the  full  extent  of  the  influence  of  such  substances,  but 
he  hoped  to  be  able  to  find  means  of  eliminating  all  possible  errors  from  this  source. 


On  Animal  Ammonia,  its  Formation,  EvoluHon,  and  Office. 
By  the  Rev.  J.  B.  Reade,  M^.,  F.R.8. 

Alluding  to  the  essay  on  '  The  Cause  of  the  Coagulation  of  the  Blood,'  by  Dr. 
Richardson,  to  which  the  Astley  Cooper  Prize  had  been  adjudged,  the  author  pointed 
out  how  nearly  Raspail  had  approached  to  the  same  conclusions  as  the  essayist.  In 
his  treatise  on  Organic  Chemistry,  he  says,  ^  the  constant  alkalescence  of  the  blood, 
newly  drawn  from  the  vessels,  and  the  coagulation  produced  in  it  by  a  diluted  acid, 
do  not  leave  room  for  a  doubt  that  the  menstruum  of  the  albumen  is  an  alkali. 
This  alkali  is  soda,  but  more  especially  ammonia,  of  which  no  notice  has  been  taken  by 
the  various  authors,  but  the  presence  of  whose  salts  in  the  blood  may  be  distinctly 
recognized  by  the  microscope."  **  If  this  principle,"  he  adds,  "  be  admitted,  the 
spontaneous  coaenlation  of  the  blood  presents  no  mexplicable  difficulty."  Raspail's 
additional  remarks  only  led  him  further  from  the  truth  he  so  nearly  approached,  and 
inconsistently  he  attributed  coagulation  to  the  evaporation  of  watery  vapour  only. 

Many  years  since  the  author  demonstrated  before  the  Microscopical  Society  of  ' 
London,  the  presence  of  ammonia  in  the  breath  and  tissues  of  animals,  but  his  con-  ' 
elusions  were  received  with  much  hesitation.     Now  that  its  office  as  a  solvent  of  the 
fibrine  of  the  blood  is  generally  admitted,  he  would  proceed  to  inquire  into  its  source. 
.  An  experiment,  by  which  the  presence  of  ammonia  in  the  perspiration  of  man  and ' 
animals  is  shown,  may  be  readily  performed,  but  is  not  included  in  those  given  by  ' 
Dr.  Richardson.   A  glass  vessel  is  moistened  upon  its  inner  surface  with  hydrochloric 
acid,  and  its  aperture  held  against  the  skin  after  exercise  has  been  taken.    The  fliritf ' 
will  yield  evidence  of  hydrochlorate  of  ammonia,  when  submitted  to  microscopic 
examination. 

Dr.  Richardson  has  shown  that  the  transmission  of  the  vapour  of  blood  through 
another  portion  of  that  fluid  arrests  coagulation.  The  same  effect  occnrs  when  the 
breath  is  passed  into  blood. 

Repeated  experiments  have  shown  that  the  ammonia  elimmafed  in  the  breath 
varies  greatly  in  difierent  ludividuab  at  the  same  time,  and  in  the  same  person  at 
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difierent  hours  of  ihe  day,  and  under  altered  conditions  of  rest,  exercise,  or  fiitigue. 
The  small  amount  contained  in  the  atmosphere  inspired  is  quite  inadequate  to  ac- 
count for  that  excreted,  and  wo  must  consequently  regard  it  as  produced  within  the 
body.  The  albumen  and  fibrine  of  the  blood  suggest  themselves  as  capable  of  sup- 
plying the  nitrofi^en  and  hydrogen  requisite.  If  we  may  assume  the  blood  to  be  the 
source  of  animal  ammonia,  let  us  look  at  the  exouisite  balance  of  chemical  forces  in 
its  connexion  with  that  fluid.  Blood  is  feebly  alkaline  from  fixed  alkali  or  alkaline 
salt;  not  sufficiently  so  to  hold  fibrine  in  solution  by  this  agency,  but  to  a  degree  which 
ensures  the  volatile  alkali  being  left  free  for  this  purpose,  when  formed  in  the  closed 
chambers  of  the  circulation.  This  view  harmonizes  with  the  fkct,  that  the  formation 
of  ammonia  is  a  continuous  process ;  the  portion  which  maintains  fluidity  at  a  given 
moment  does  not  remain  to  exercise  this  office  for  hours  or  days ;  but  canriug  the 
fibrine  to  every  part  of  the  body  to  supply  its  waste,  it  is  itself  eliminated  by  the 
excretory  surfaces.  ^_^__ 

On  the  Practiced  Application  of  Aluminium.    By  R.  Reynolds,  P.C.S. 

The  author  presented  for  examination  by  the  Section,  a  spoon  made  of  this  raetal 
by  Messrs.  Coulson  and  Co.,  Sheffield.  In  this  form,  its  lightness,  as  compared  with 
the  metals  ordinarily  used  for  such  purposes,  was  very  striking.  A  perfect  polish 
had  been  attained,  but  its  zinc-like  tinge  of  colour  made  it  difier  from  silver  in 
appearance.  The  handles  of  a  knife  and  fork  by  the  same  manufacturers  were  also 
exhibited.  They  closely  resembled  gold  in  colour,  and  were  composed  of  an  alloy  of 
copper  with  5  per  cent,  of  aluminium.  By  vaJ7ing  the  per-centage  of  the  last-named 
metal  from  5  to  10,  any  shade  of  gold  colour  is  attainable. 

On  the  Choice  of  Suhfect  in  Photography^  and  the  Adaptation  of  different 
Processes.    By  W.  L.  Smith. 

On  a  new  Method  of  Determining  tJie  Quantity  of  Carbonic  Acid  contained 
in  the  Air.    By  Dr.  £.  Smith. 

On  some  Double  Salts  formed  with  Bichromate  of  Potash. 
By  W.  K.  Sullivan. 

In  the  description  given  in  Gmelin's  '  Handbuch,'  of  Fritzsche's  process  of  pre- 
paring chromic  acid,  it  is  recommended  carefully  to  add  a  warm  solution  of  bichromate 
of  potash  to  an  excess  of  oil  of  vitriol,  as  any  excess  of  the  salt  would  crystallize  out 
without  beinff  decomposed,  and  thus  contaminate  the  chromic  acid.  It  appeared  to 
me  improbable  that  bichromate  of  potash  would  separate  under  such  circumstances ; 
and  having  had  occasion  recently  to  notice  the  salt  which  separates,  I  found  that  it 
did  not  present  the  characters  of  bichromate,  and  that  it  contained  sulphuric  acid. 

If  a  nearly  boiling  concentrated  solution  of  bichromate  of  potash  be  treated  with 
sufficient  oil  of  vitriol  to  convert  the  whole  of  the  potash  into  bisulphate,  but  not  to 
precipitate  the  chromic  acid,  and  be  then  set  aside,  an  abundant  crystallization  of 
anhydrous  bisulphate  of  potash  will  be  formed.  The  crystals  thus  formed  are  oflen  of 
considerable  size,  and  beautifully  exhibit  the  peculiar  reaction  of  Uie  anhydrous  bi- 
sulphate with  water,  namely,  of  swelling  up  and  becoming  opake.  The  crystals  are 
always  coloured  yellow^  by  the  adhering  solution,  but  sometimes  they  appear  to 
contain  some  chromate  in  combination ;  for  even  after  having  been  repeatedly  dried 
between  folds  of  filtering  paper,  they  yielded  a  mixture  of  bisulphate  of  potash  in 
acicular  needles  and  orange-red  rhombic  needles,  when  dissolved  in  water  and 
reciystallized. 

When  somewhat  less  oil  of  vitriol  was  employed  than  in  the  last  case,  a  beautiful 
salt  composed  of  orange-red  rhombic  plates  separated,  which  were  readily  decomposed 
by  water,  exhibiting  the  same  phenomenon  as  the  anhydrous  bisulphate.  When  a 
quantity  of  the  transparent  crystals  were  placed  upon  a  filter  and  washed  with  water, 
they  gradually  became  opake,  swelled  up  and  changed  to  a  pale  orange  yellow  mass. 
When  the  washing  was  not  carried  too  far,  and  the  filter  was  placed  upon  a  plate  of 
dry  plaster  of  Paris,  so  as  to  absorb  the  moisture,  the  substance  still  exhibited  the 
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original  form  of  the  nndecomposed  salt,  but  the  crystals  were  quite  opake  and 
friable*  This  pseudomorphic  residue,  when  dissolved  in  water  and  the  solution  set 
aside  to  crystallize,  yielded  acicular  crystals  of  bisulphate  of  potash  and  an  orange- 
red  salt  in  rhombic  needles. 

This  remarkable  mode  of  decomposition  can  only  be  accounted  for  by  supposing  the 
salt  to  contain  bisulphate  of  potash.   The  determination  of  the  sulphuric  and  chromic 
acids  gave  numbers,  which  upon  this  view  lead  to  the  very  simple  formula 
KO,  HO,  2SO,+KO,  2CrOa. 

The  strangeness  of  such  a  combination  (for  I  am  not  aware  that  any  similar  one 
has  been  observed)  makes  me  hesitate  even  to  suggest  it  as  an  explanation  of  the 
phenomena  observed,  especially  as  I  have  only  very  partially  examined  the  subject 
as  yet 

There  appears  to  be  several  other  salts  of  the  same  class.  I  have  obtained,  for 
example,  compounds  which,  upon  the  supposition  of  their  being  double  salts  of  bisul- 
phate of  potash,  contained  an  amount  of  sulphuric  acid  and  chromic  acid  respectively, 
which  would  lead  to  the  formulae — 

KO,  HO,  2SO,+2(KO,  CrO,) 
KO,  HO,  2SO,+3(KO,  CrO,). 

The  formation  of  these  salts,  and  indeed  the  action  generally  of  oil  of  vitriol  upon 
a  solution  of  bichromate  of  potash,  affords  a  beautiful  example  of  the  influence  of  mass 
upon  chemical  affinity. 

When  the  first  salt  was  dissolved  in  water  and  the  solution  evaporated  and  set 
aside,  a  salt  crystallized  out  which  did  not  become  opake  in  water,  and  which  could 
be  recrystallized  without  change.     Its  analysis  led  to  the  formula 
KO,  S0,+3(K0,  CrO,). 

By  using  a  slight  excess  of  bichromate  of  potash  in  preparing  chromic  acid  by 
Fritzsche's  process,  and  dissolving  the  precipitated  red  acid  in  a  small  quantity  of  cold 
water,  Reinsch  obtained  a  yellow  salt  as  a  residue,  which  crystallized  in  broad  rhombic 
needles  united  together  in  stellated  masses.  To  this  salt  he  assigned  the  formula 
KO,  SO,+K02CrO,.  This  salt  appears  to  me  to  have  been  a  product  of  the  action 
of  water  upon  one  of  the  salts  whicn  are  formed  in  concentrated  solutions  in  which 
bisulphate  of  potash  can  be  formed.  I  obtained  this  compound  among  the  products 
of  decomposition  of  one  of  the  salts  which  I  have  suggested  to  contain  bisulphate  of 
potash. 

I  have  obtained  several  other  combinations  which  I  have  not  yet  examined,  among 
which  I  may  mention  the  following : — 

1.  I  added  a  considerable  quantity  of  oil  of  vitriol  to  the  mother-liquor  from  which 
the  salt  KO,  HO,  2SO,4-KO,  2CrO,  had  on  one  occasion  senarated,  and  then  evapo- 
rated it  briskly  and  set  it  aside.  While  hot  it  was  of  a  aeep  brown  colour,  and 
crusts  of  chromic  acid  formed  on  the  side  of  the  vessel ;  as  it  cooled,  it  ^w  ^rhid, 
and  the  colour  gradually  became  paler  and  of  a  purer  yellowish  red,  as  if  the  whole 
of  the  free  chromic  acid  had  again  entered  into  combination*.  After  a  short  time, 
small  crystalline  scales  made  their  appearance  ia  the  liquify  having  the  lustre  and 
very  much  the  appearance  of  spangles  of  metallic  geld.  The^  floated  upon  the  sur- 
face of  the  liquia,  and  acting  as  nuclei,  they  shot  out  in  fan-like  masses,  the  borders 
of  which  got  covered  with  a  delicate  fringe  of  needles  of  chromic  acid.  Tliey  arranged 
themselves  on  the  bottom  of  the  basin  in  warty  masses  about  the  size  of  a  half-walnut. 
They  were  of  extreme  delicacy,  so  that  the  moment  the  vessel  was  disturbed  they  got 
detached  and  floated  in  the  liquid  like  scales  of  iodide  of  lead.  They  were  rapidly 
filtered  through  a  funnel  stopped  with  broken  glass ;  and  as  they  continued  to  dissolve 
during  the  filtration,  they  were  put  upon  a  plate  of  dry  plaster  of  Paris.  The  dried 
residue  looked  very  much  like  chromic  acid,  except  that  it  had  a  distinct  orange 
shade,  and  was  foliated. 

2.  When  the  mother-liquor  of  one  of  the  supposed  bisulphate  salts  was  mixed  with 
another  portion  in  which  Uie  chromic  acid  had  been  reduced  to  the  state  of  Cr^O,  by 
alcohol,  and  set  aside,  small  crystals  of  chrome*alum  separated,  but  mixed  with  another 

*  This  change  may  be  observed  in  all  cases  where  sulphuric  add  U  mixed  with  bichromate 
of  potash* 
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Bftit  in  the  form  of  brilliant  bronze-coloured  scales,  strikingly  i^sembtihg  the  brotiEe^ 
coloured  mica  of  some  sranites.  This  salt  contains  sulphuric  acid ;  but  whether  all 
the  chrome  exists  as  chromic  acid,  I  hare  bot  yet  ascertained  i  I  hare  failed  ia 
reproducing  it. 

3.  I  treated  A  boiling  concentrated  solution  of  bichromate  of  potash  with  elaclal 
phosphoric  acid  attd  set  it  aside  until  the  following  day;  a  pale  orange^red  salt  cty* 
stallized  out  in  small  nacreous  scales.  A  pottiotl  of  this  salt,  dissolved  in  Watef  and 
set  aside  to  crystallize,  yielded  a  beauiiftd  salt  cortsistinff  of  well-deTeloped  rectangu- 
lar prisms  of  remarkaUe  brilliancy.  One  feature  of  tne  action  of  pho^horic  acid 
was,  Uiat  the  solution,  no  matter  how  mUck  of  the  fflacial  acid  was  added,  did  not 
deepen  in  colour :  it  rather  indeed  became  paler,  ana  at  no  time  did  there  appear  to 
exin  any  uncombined  chromic  acid  in  solution. 

I  I  r 

On  ih$  a^mtUmian  of  ih$  Mtturai  P&rHoH  ftf  BanSi^  and  the  Anafyik  nf 
Common  BmuhOBhf  Animal  Charcoal,  ^i  By  PrefeMor  Voblckbri 
PhJ).,  F.C.S. 

Heintz  of  Berlin  maintains  the  phosphate  of  lime  td  exist  in  a  tribasic  form,  bnt 
found  in  human  and  other  bones  an  excess  of  limd,  combined  neither  with  PO*  nor 
CO*.  Thil  he  regards  as  fluorida  of  calcium^  and  oonsequently  records  as  much  as 
3*85  pet  cent*  of  that  substance  as  existing  in  bones»  lliis,  howeveri  is  simply  the 
result  of  calculation  from  the  excess  of  lime.  The  author  had  made  many  experi- 
ments to  determine  fluoride  of  calcium  in  bones,  but  without  suoeess )  although  when 
he  added  1  pet  oent«  of  that  substance  to  pure  phosphate  of  limoi  it  oould  b«  nadiljr 
determined. 

When  a  dilute  acid  solution  of  bone*ash  is  precipitated  by  ammonia,  the  author 
has  always  found  as  much  lime  as  is  contained  in  the  tribasic  salt,  and  usually  more, 
as  carbonate  of  lime  will  be  found  to  fall  down  with  the  precipitate  in  Spite  of  alt 
precaution:  this  is  especially  the  case  when  the  precipitation  has  been  accompanied 
hy  heat.  When  conducted  in  the  coldL  and  reprecipitated,  the  result  agrees  very  closely 
with  tribasic  phosphate.  In  proof  of  the  discrepancies  of  the  process  of  precipitatioOi 
are  the  following  experiments : — 

I.  n. 

1.  Bone-ash  gave  precipitated  phosphates     •    75-84  73*29 

2.  bitto 76-21  79-03 

Animal  charcoal  gave—- 

First  precipitation i     •    77*46 

Dissofred  and  reprecipitated    •«••    t    73*63 
Re-dissolved        „        „         •     »    «    •    »     72-96 

Tlie  dii^ct  determination  of  phosphoric  acid  gave  33*34 aa  tribasic  phosphate  72 '^ 
per  cetit.  The  author  much  r^retted  the  discredit  brought  upon  chemistry  by  tlie 
great  variations  in  commercial  analyses  of  these  substances,  and  alluded  to  a  practice 
adopted  by  some  chemists  of  regarding  the  precipitate  as  8CaO+3PO*,  and  after^ 
wards  re-calculating  the  phosphoric  acid  into  the  tribasic  salt,  by  which  their  resulta 
became  much  too  high.  He  conndered  it  imperative  to  discard  the  precipitation  pro- 
cess altogether,  and  to  state  the  amount  of  phosphoric  acid  actually  found,  giving  thd 
per-centage  of  tribasic  salt  equivalent  to  thiSk 

The  author  recommends  the  following  plan  for  the  commercial  analysis  of  bone-ash, 
animal  charcoal,  &c.,  and  has  employed  it  for  some  time  in  his  own  laboratory. 
Moisture  and  organic  matter  are  determined  as  usual.  About  20  grains  are  dissolved 
m  nitric  acid,  and  the  solution  evaporated  on  a  water-bath  to  dryness,  which  effects 
the  conversion  of  any  pjrrophosphate  into  ordinary  phosphate.  The  residue  is  taken 
up  by  the  smallest  possible  quantity  of  nitric  aoid,  then  diluted  with  water^  the  Sand 
removed  and  the  solution  filtered.  This  is  precipitated  by  excess  of  oxalate  of  potasht 
and  before  removing  the  resulting  precipitate,  the  liberated  oxalic  acid  is  nearly  neu- 
tralized by  potash,  acetate  of  potash  is  added,  and  the  whole  boiled.  By  this  means 
the  oxalate  of  lime  held  in  solution  by  free  acid  Is  thrown  down.  Filter  and  wash  tin 
precipitate,  and  concentrate  the  filtrate  to  a  small  bulk.  Add  a  little  tartaric  acid  to 
keep  m  solution  any  iron  or  alumina,  and  precipitate  the  phoi^orio  aoid  by  ammonf  aeal 
sulphate  of  magnesia :  after  standing  for  twelVe  hours,  filter,  partially  wash  tbo  fNd» 
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mtate,  yecliasQlve  ao4  tbrow  down  a  pecond  time.  This  precaution  Is  necessary,  02  the 
nrst  product  is  contaminated  with  oxalate  of  magnesia.  The  lime  precipitate  con- 
tains generally  a  Tariable  quantity  of  phosphates  of  iron  and  alumina.  To  estimate 
'these,  dissolve  it  in  hydrochloric  acid,  add  ammonia,  wash  precipitate,  redissolve  from 
the  filter,  and  throw  down  a  second  time  without  heat.  When  washed  and  dried,  as 
burned,  the  weight  U  deducted  from  the  first  amount  of  which  it  is  a  part,  and  the  re- 
sult is  pure  carbonate  of  lime.  The  phosphate  of  iron  and  alumina  being  dissolved  in 
hydrocnloric  acid,  a  little  tartaric  acia  is  added,  ^d  the  phosphoric  acid  finally  deter- 
mined ^  phosphate  of  magnesia,      

On  the  Carbonates  of  Alumina,  Chromic  Oxide^  and  Ferric  Oxide. 
By  W.  Wallace,  Ph.D^  F.C.JS. 


On  ChlorO'Arsenious  Acid,  and  some  of  its  Compounds* 
By  William  Wallac?,  PA./>^  F.C.S. 

In  the  course  of  a  former  series  of  experiments  on  the  chlprid^  of  arsenic*,  I 
observed  that  arsenious  acid  dissolved  freely  in  fix^  aqhy^rous  phloride.  Believing 
that  a  definite  combination  was  formed,  I  have  recently  investigated  the  subject  more 
fully,  and  have  succeeded  in  preparing  a  new  ^d,  highly  iqtefesting  compound,  to 
which  I  have  given  the  name  of  chloro-arsenious  acid.  My  examination  of  the  acid 
and  its  compounds  is  still  far  from  complete ;  but  I  purpose  in  the  mean  time  to  sub- 
mit a  short  abstract  of  my  results  to  the  members  of  the  British  Association, 

1.  tSoluHgn  of  Arsenious  Acid  in  Chloride  of  Arsenic. — When  chloride  of  arsenic 
is  heated  to  gentle  ebullition  in  a  small  tubulated  retort,  the  beak  of  which  is  inclined 
upwards^  and  powdered  arsenious  acid  is  gradually  introduced,  the  solution  of  the  lat- 
ter appears  to  cease  when  the  liquid  contains  e^usu  equivalents  of  the  two  compounds. 
The  readiest  method  of  preparing  this  solution  m  quantity  is  to  introduce  a  few  ounces 
of  arsenious  acid  into  a  flask,  and  pass  hydrochloric  acid  gas  through  it  until  all  the 
arsenious  acid  disappears.  The  fiask  should  be  agitated  occasionally.  The  action  is 
very  violent,  and  is  attended  by  the  elimination  of  much  heat.  If  the  passage  of  the 
hydrochloric  acid  gas  is  continued  as  long  as  absorption  takes  place,  pure  chloride  of 
arsenic  is  obtained.  The  nsture  of  the  reaction  has  been  (nWy  explained  in  the  paper 
already  referred  to, 

2.  Chloro-arsenious  ^ci£?,-r-When  the  solution  of  arsenious  acid  in  chloride  of 
arsenic  is  gradually  distilled  until  it  begins  to  froth  up,  there  separates,  on  cooling,  a 
pas^t  viscid,  semi-fiuid  mass,  from  which  the  more  liquid  portion  may  be  poured  ofi*. 
Analysis  gave  as  follows : — 


Arsenic  , 

1=75 

1=35-5 

2=16 

126*5 

59-29 

Chlorine 
Oxygei)  . 

.    .    .    •    2811 
•    ♦    t    f       t  • 

28'06 
12  65 

100-00 

The  formula  of  this  compound,  therefore,  is  AsCi'-f-gAsO*  or  AsClO",  that  is, 
arsenious  acid  in  which  one  equivalent  of  oxygen  is  replaced  by  chlorine. 

Anhydrous  chloro-arsenious  acid  is  a  viscid  fluid  or  a  yery  soft  solid,  aecording  to 
the  temperature  to  which  it  is  exposed.  It  is  trpnsparent,  but  has  a  brown  colour, 
which  does  not  appear  to  be  owine  to  the  presence  of  any  impurity.  It  fumes  slightly 
in  the  air,  parting  with  a  smtdT  portion  of  its  chlorine  as  hydrochloric  acid,  and 
absorbing  oxvgen.  When  strongly  heated,  it  boils  up  with  considerable  frothing,  and 
affords  a  distillate  of  pure  chloride  of  arsenic.  When  brought  up  to  about  the  tempe- 
rature at  which  arsenfous  acid  sublimes,  it  leaves  a  glassy,  hard,  transparent  substance, 
which  was  found  to  contain  10*94  per  cent,  of  chlorine,  agreeing  with  the  formula 
2AsO»,  AsClO^ 

The  fluid  poured  ofi*from  the  chloro-arsenious  acid  was  found,  on  analysis,  to  con- 
tain an  amount  of  chlorine  which  corremonds  with  the  formula  AsCl^,  AsO'.  It  is 
therefore  similar  to  the  solution  prepared  by  adding  arsenious  add  to  heated  chloride 
of  arsenic     I  do  not  believe,  however,  that  this  liquid  is  a  compound  of  these  two 

*  «  On  Wof^e  of /Mnenic,"  by  Penny  and  WaUace^  PhiL  Mag.  vol.  iv.  p.  361. 
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substances;  if  a  definite  combination  at  all,  its  constitution  is  probably  3 AsO'  Q 
AsCl'. 

Chloro-arsenious  acid  is  also  fonned  wben  cbloride  of  arsenic  is  treated  with  a 
quantity  of  water  not  ouite  sufficient  to  dissolve  it.  On  adding  small  suocessive  por- 
tions of  water  to  the  chloride,  the  proportion  of  chlorine  in  the  undissolved  quantity 
gradually  diminishes,  until  the  last  globules  consist  chiefly  of  the  compound  acid. 

3.  Hydrated  Chloro-arseniotu  Acid. — Chloride  of  arsenic  is  dissolved  in  the  smallest 

Sossible  quantity  of  water  (about  16  equivalents),  and  tlie  solution  set  aside  in  a  closed 
ask.  In  two  or  three  days  minute  nucleated  crystals  begin  to  form ;  and  these  gra- 
dually increase  until  about  one  half  of  the  liquid  is  occupied  by  them.  A  second  crop 
of  crystals  may  be  obtained  by  placing  a  fragment  of  rock-salt  in  the  mother-liquor : 
these  take  a  long  time  to  form,  and  are  much  larger  and  better  defined  than  those 
which  result  from  the  first  operation.  The  crystals  may  be  well  pressed  with  a  pla- 
tinum spatula,  and  then  dried  by  pressure  between  numerous  folds  of  blotting-paper. 
A  portion  was  analysed  which  had  been  completely  dried  by  powerful  pressure,  and 
the  following  results  were  obtained  :-— 

Arsenic      •    •    •    •    51*80  lss75  51*90 

Chlorine     •    •    •    •     24*97  ls35*5  24*57 

Oxygen 2=16  1107 

Water 12*35  2=18  12*46 

144*5  100*00 
The  crystallized  acid  contains,  therefore,  two  equivalents  of  water,  and  is  repre- 
sented by  the  formula  2 HO,  AsClO*.  It  becomes  anhydrous  over  oil  of  vitriol,  but 
at  the  same  time  loses  2  or  3  per  cent  of  chlorine.  The  crystals  are  exceedingly 
minute,  and  form  in  mammillated  masses  resembling  the  mineral  Prektule.  The 
slowly.formed  crystals  are  acicular,  and  collect  in  stellate  groups,  presenting,  whfle 
in  the  liquid,  a  very  beautiful  appearance.  The  smaller  cr}'stals  have  a  dazzling  white 
colour,  and  emit  a  little  hydrochloric  acid  on  exposure  to  the  air. 

Chloro-arsenious  acid  combines  with  chlorides,  as  arsenious  acid  does  with  oxides. 
It  appears  to  be  bibasic,  the  two  equivalents  of  water  being  capable  of  being  replaa>d 
by  two  equivalents  of  an  alkaline  cnloride.  The  ammonia-salt  is  the  only  one  which 
I  have  as  yet  succeeded  in  obtaining  in  a  distinctly  crystalline  form,  and  of  definite 
composition.  Potash  and  lime  compounds  have  been  obtained  as  white  powders  whidi 
contain  much  less  than  two  equivalents  of  alkaline  chloride ;  so  that  these  compounds 
have  probably  only  one  equivalent  of  alkaline  chloride,  and  one  equivalent  of  basic 
water. 

Two  interesting  reactions  of  the  solution  of  terchloride  of  arsenic  in  water  may 
here  ho  mentioned :  oil  of  vitriol  immediately  throws  down  the  anhydrous  compound, 
while  chloride  of  calcium  causes  the  separation  of  the  chloride  mixed  with  a  small 
proportion  of  chloro-arsenious  acid.  The  same  reactions  occur  with  a  saturated  solu- 
tion of  arsenious  acid  in  concentrated  aqueous  hydrochloric  acid :  indeed,  an  ounce  or 
two  of  chloride  of  arsenic  may  readily  be  prepared  by  adding  an  equal  bulk  of  strong 
oil  of  vitriol  to  such  a  solution.  It  is  not  so  pure,  however,  as  that  obtained  from 
the  aqueous  solution  of  chloride  of  arsenic,  and  must  be  rectified  if  required  in  a  state 
of  purity. 

4,  Chloro-artenite  of  Ammonia, — The  aqueous  solution  of  chloride  of  arsenic  is 
mixed  with  strong  liquid  hydrochloric  acid  in  sufficient  quantity  to  prevent  the  form- 
ntion  of  chloro-arsenious  acid,  and  a  small  lump  of  chloride  of  ammonium  is  intro- 
duced. At  first,  small,  hard,  reddish-coloured,  cubical  crystals,  consisting  of  almost 
pure  chloride  of  ammonium,  make  their  appearance ;  but  aiter  some  days,  tone  fibrous 
needles  of  snow-white  colour  and  pearly  lustre  begin  to  form,  and  gradually  fill  up 
the  liquid.  These  consist  of  the  salt  under  consideration.  They  are  well-drained, 
and  dried  by  pressure  between  folds  of  blotting-paper.  The  following  results  were 
obtained  with  the  salt  dried  over  oil  of  vitriol : — 


Arsenic      .    . 

.    .    32-23 

Is  75 

3212 

Ammonium    • 

.    .     15*23 

2=  36 

15*42 

Chlorine     •    .    < 

•    44*78 

3=106-5 

45*61 

Oxygen      •    •    « 

•      t  • 

2=   16 

6-85 

233*5        100*00 
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The  fonnula  of  the  dry  salt  is  therefore  2NH*C1,  AsClO".  The  loss  of  water  hy 
exposure  over  oil  of  vitriol  amounted  to  4*27  per  cent. ;  one  equivalent  of  water  gives 
3*71  per  cent.  During  the  desiccation,  a  little  chlorine  is  evolved  and  replaced  by 
oxygen. 

1  am  still  engaged  in  prosecuting  the  investigation  of  the  compounds  of  chloro- 
areenious  acid  with  the  metallic  chlorides,  and  in  endeavouring  to  form  corresponding 
acids  containing  iodine  and  bromine. 

Observations  on  Dry  Collodion  Processes.    By  W.  S.  Ward,  F.C.S. 


On  the  Source  of  Ammonia  in  Volcanic  Emanation. 
By  R.  Warington,  F.C.S. 

At  the  Meeting  of  the  British  Association  at  Liverpool,  1854,  the  author  demon- 
strated the  existence,  in  the  lavas  of  Vulcano,  of  nitride  of  boron,  which  by  the  action 
of  watery  vapour  is  converted  into  boracic  acid  and  ammonia.  Adopting  an  analo* 
gous  reasoning,  he  considered  that,  in  volcanic  districts  where  hydrated  silicic  acid 
and  ammonia  were  the  ordinary  products,  a  similar  compound  of  silicon  and  nitrogen 
should  be  met  with.  On  examining  the  Pelagonites  from  the  Hecla  district,  the  author 
finds  that  the^  always  contain  nitrogen  in  combination,  as  he  believes,  with  silicon  as 
a  nitride  of  silicon,  and  that  the  source  of  ammonia  in  volcanic  phenomena  may  be 
principally  attributed  to  the  action  of  aqueous  vapour,  at  high  temperatures,  on  this 
compound.  

On  an  Instrument  for  maintaining  a  Water-Bath  at  constant  Temperatures. 
By  John  Waterhouse,  F.Ii.S. 

The  author  exhibited  to  the  Chemical  Section  an  instmment  which  he  called  a 
"  Thermostadt,"  the  object  of  which  he  explained  to  be,  to  afibrd  the  means  of  keen- 
ing a  water-bath  at  a  uniform  and  unvarying  temperature  for  an  indefinite  period.  In 
the  accompanying  sketch,  A  B  is  a  glass  tube  bent  upon  itself, 
and  when  filled  with  spirit  or  other  expansible  fluid,  forming  a 
thermometer  of  large  dimensions :  the  two  ends  of  this  tube  are 
cemented  into  the  brass  cap  and  plate  C,  the  end  A  being  her- 
metically closed,  and  B  open ;  D  is  a  stuffing-box  (into  which 
the  open  end  of  the  tube  is  cemented),  through  which  the  tube  £, 
open  at  both  ends,  passes,  and  which  may  be  fixed  in  any  required 
position  by  the  tightening  screw  collar  F ;  to  the  upper  end  of  ' 
this  tube  is  attached  a  flexible  tube,  which  may  be  connected  with 
an  ordinary  gas-pipe ;  G  is  a  small  tube  screwed  into  the  side  of 
the  stuffing-box  D,  and  communicating  with  the  tube  B  or  stem 
of  the  thermometer,  and  serves  as  an  attachment  for  another  flex- 
ible nipe  which  connects  the  apparatus  with  the  burners  which 
are  placed  under  the  water-bath.  A  small  quantity  of  mercury, 
M,  IS  introduced  to  separate  the  spirit  in  A  from  the  open  stem 
of  the  thermometer  B.  The  operation  of  the  instrument  is  as 
follows : — the  whole  being  immersed  to  the  plate  C  in  the  water- 
bath,  the  gas  passes  through  £  into  the  tube  B,  and  thence 
through  6  to  Uie  burners;  as  the  temperature  rises,  the  spirit 
expands,  and  causes  the  mercury  to  rise  in  B  until  it  finally 
closes  the  terminal  aperture  of  the  tube  £,  when  the  gas  ceases 
to  flow ;  to  prevent,  nowever,  the  total  extinction  of  the  flame, 
which  would  now  take  place,  a  small  hole,  N,  is  pierced  with  a 
needle  through  the  side  of  the  tube  £  at  about  an  inch  from  the 
end,  which  allows  a  sufficiency  of  gas  to  pass  to  support  a  speck 
of  flame  not  larger  than  a  large  pin's  head.  In  operation  the 
flame  soon  acquires  its  appropriate  dimensions  to  keep  the  bath 
at  a  perfectly  steady  temperature,  the  exact  amount  of  which  is  determined  by  sliding 
the  tube  £  in  its  collar,  and  thus  giving  the  mercury  a  greater  or  less  range. 

At  first  a  difiiculty  presented  itself  in  procuring  a  burner  of  sufliciently  small  aper« 
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tore  for  tbe  jet,  which  would  not  he  liahle  to  he  stopped  up  hy  the  oUy  dq[»osit  from 
common  coal-gas ;  this,  however,  was  completely  removed  by  making  burners  of  ordi- 
nary pipeday,  piercing  them  with  a  fine  needle,  drying,  and  then  making  them  red- 
hot  in  a  common  fire. 

The  instrument  in  this  state  had  been  in  constant  use  for  seven  or  eight  years, 
during  which  it  had  been  chiefly  employed  to  regulate  a  small  apparatus  for  carrying 
on  a  series  of  experiments  on  incubation,  and  its  steadiness  of  action  had  proved  to  be 
all  that  could  be  desired.  The  author  mentioned  to  the  Section  as  one  proof  of  its 
utility  in  such  investigations,  that  it  had  enabled  him  to  prove  clearly  the  evolution 
of  vital  heat  in  the  process  of  hatching  eggs,  which  are  shown  to  acquire  a  tempera- 
ture for  some  days  oefore  the  completion  of  their  incubation,  several  degrees  above 
the  atmosphere  in  which  they  are  placed ;  a  fact,  which  he  believed  had  not  been  veri- 
fied by  actual  experiment,  thou^Ii  it  would  naturally  be  anticipated.  The  author 
stated  that  the  contrivance  was  we  joint  production  of  himself  and  Mr,  S.  Smith  of 
Halifax. 


GEOLOGY. 

Address  by  William  Hopkins,  M^.^  F.R.S^  Presideni  qfthe  SectUm. 

The  President,  in  opening  the  Section,  proceeded  to  observe : — the  existence  of 
mammalian  life  in  its  earlier  stages  on  the  surfiftce  of  our  planet,  the  conditions  of  its 
existence,  and  the  period  of  its  introduction,  have  always  furnished  questions  of  the 
•highest  philosophical  as  well  as  palieontological  interest.  You  will  be  aware  that  some 
geologists  regard  each  new  discovery  of  mammalian  remains,  in  formations  preceding 
the  Older  tertiaries,  as  a  fresh  indication  of  the  probable  existence  of  mammalia  in 
those  earlier  periods  in  which  no  positive  proof  of  tneir  existence  has  yet  been  obtained ; 
while  others  regard  such  discoveries  only  as  leading  us  to  an  ultimate  lin^it,  which  will 
hereafter  define  a  period  of  the  introduction  of  mammalia  on  the  surface  of  the  earth* 
long  posterior  to  that  of  the  first  introduction  of  animal  life.  Be  this  as  it  may,  every 
new  discovery  of  the  former  existence  of  this  highest  class  of  animals  must  be  a  matter 
of  great  geological  interest.  An  important  discovery  of  this  kind  has  recently  been 
made,  principally  by  the  persevering  exertions  of  Mr.  Deckles,  who  has  detected  in 
the  Purbeok  heas  a  considerable  number  of  the  remains  of  small  mammals.  The 
whole  of  them  are,  I  believe,  in  the  hands  of  our  President,  Mr.  Owen,  for  the  deter- 
mination of  their  generic  and  specific  characters ;  but  Dr.  Falconer  seems  already  to 
have  recognized  amon^  them  seven  or  eight  distinct  genera,  some  of  them  marsupial^ 
and  others  probably  placental,  of  the  insectivorous  order.  I  may  also  notice,  as  a 
matter  of  great  palceontological  interest,  the  recent  discovery  of  a  new  ossiferous  cave, 
near  Brixham,  in  Devonshire,  of  which  some  account  is  to  be  brought  before  us  during 
this  meeting.  The  past  year  has  been  fruitful  in  palseontological  researches,  but  it  is 
not  my  purpose  to  notice  them  in  detail. 

I  proceed  to  one  or  two  points  of  interest  in  the  physical  department  of  our  science. 
The  mtemal  structure  of  rock  masses,  with  reference  to  joints,  planes  of  cleavage,  and 
crystallization,  is  a  subject  of  great  interest  to  those  who  would  study  the  operation 
of  physical  causes  in  producing  all  the  modifications  of  state  through  which  the  matter 
now  forming  the  outer  crust  of  the  globe  must  have  passed  in  the  lapse  of  geological 
time.  A  considerable  number  of  observations  have  been  made  hy  different  geologists 
respecting  the  |>ositions  of  the  planes  of  joints  and  of  cleavage,  but  I  confess  myself 
little  satisfied  with  any  laws  of  the  phenomena  unless  deduced  from  observations  of 
£ar  greater  accuracy  of  detail  than  that  by  which  these  observations  have  generally 
been  characterized.  I  allude  more  particularly  to  this  subject,  because  some  progress 
has,  I  think,  been  made  in  the  mechanical  explanation  of  a  part  of  these  phenomeni^ 
those  which  relate  to  the  laminated  cleavage  structure,  birect  experiments  have 
been  made  by  Mr.  Sorby  and  Dr.  Tyndall,  which  leave  no  doubt  of  the  possibility  of 
producing  tlus  structure  by  direct  pressure  alone ;  and  in  certain  simple  cases,  in 
which  the  divisional  planes  form  a  system  of  parallel  laminae,  this  mechanical  cause 
may  be  sufficient  to  account  for  the  phenomena.    But  in  m^ny  other  ^i|s^  ii)  wl^ch 
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there  appear  to  be  several  systems  of  these  planes  of  structure,  the  positions  of  which 
would  seem  to  bear  determinate  relations  to  each  other,  it  would  appear  extremely 
difficult  to  account  for  the  phenomena  by  the  simple  operation  of  pressure  alone.  It 
is  likely^  I  conceive,  that  more  complicated  causes  have  been  at  work,  though  press- 
ure may  have  exercised  an  important  influence.  Again,  it  has  been  suggested  that 
what  has  been  termed  the  force  of  shrinkage,  or  that  internal  tension  which  may  be 
produced  in  extended  masses  by  their  contraction  from  the  loss  of  heat  or  moisture, 
might  be  sufficient  to  account  for  the  formation  of  joints,  the  positions  of  which,  you 
will  recollect,  approximate  more  or  less  to  verticality.  But  there  is  one  curious  feature 
in  these  phenomena,  which  appears  to  roe  inexplicable  on  this  theory.  It  is  well 
known  that  in  conglomerate  formations  in  whicn  large  boulders  are  mibedded,  the 
joints  pass  completely  through  the  boulders  without  any  apparent  interruption. - 
According  to  this  theory,  these  boulders  must  have  been  pulled  in  two  by  the  force 
of  shrinkage.  It  is  in  this  that  the  difficulty  I  allude  to  consists ;  for  it  would  appear, 
J  think,  extremely  difficult  to  conceive  how  the  general  matrix  of  such  a  conglo- 
merate, whatever  may  be  the  force  with  which  it  contracts,  should  obtain  a  sufficiently 
powerful  grasp  on  the  two  opposite  halves  of  a  smooth  and  rounded  boulder,  a  few 
inches  in  diameter,  to  pull  them  asunder.  I  suspect  in  all  these  phenomena  the 
working  of  some  affencies  more  refined  than  those  of  simple  compression  and  extension. 

The  subject  of  the  motion  of  glaciers  is  one  of  interest  to  geologists ;  for  unless  we 
understand  the  causes  of  such  motion,  it  will  be  impossible  for  us  to  assign  to  former 
glaciers  their  proper  degree  of  efficiency  in  the  transport  of  erratic  blocks,  and  to  di- 
stinguish between  the  effects  of  glacial  and  of  floating  ice,  and  those  of  powerful^cur- 
rents.  An  important  step  has  recently  been  made  in  this  subject  by  the  application 
of  a  discovery  made  by  Mr.  Faraday  a  few  years  ago,  that  if  one  lump  of  ice  be  laid 
upon  another,  the  contiguous  surfaces  being  sufficiently  smooth  to  ensure  perfect  con- 
tact, the  two  pieces  in  a  short  time  will  become  firmly  frozen  together  into  one  con- 
tinuous transparent  mass,  although  the  temperature  of  the  atmosphere  in  which  they 
are  placed  be  many  degrees  above  the  freezing  temperature.  Dr.  Tyndall  has  the 
merit  of  applying  this  fact  to  the  explanation  of  certain  glacial  phenomena.  There 
are  two  recognized  ways  in  which  the  motion  of  a  glacier  takes  place — one  by  the 
sliding  of  the  whole  glacial  mass  over  the  bed  of  the  valley  in  which  it  exists,  and  the 
other  oy  the  whole  mass  changing  its  form  in  consequence  of  the  pressures  and  ten- 
sions to  which  it  is  subjected.  The  former  mode  of  progression  is  that  recognized  by 
the  sliding  theory;  the  second  is  that  recognized  by  what  has  been  termed  the  viscous 
theory  of  Prof.  Forbes.  The  viscous  theory  appeared  to  be  generally  recognized. 
Still,  to  many  persons  it  seemed  difficult  to  reconcile  the  property  of  viscosity  with 
the  fragility  and  apparent  inflexibility  and  inextensibility  of  ice  itself.  On  the  other 
hand,  if  this  property  of  viscosity,  or  something  of  the  kind,  were  denied,  how  could 
we  account  for  the  fact  of  the  different  fragments  into  which  a  glacier  is  frequently 
brokeui  becoming  again  united  into  one  continuous  mass  ?  Dr.  Tyndall  has,  I  con- 
ceive, solved  the  difficulty.  Glacial  ice,  unlike  a  viscous  mass,  will  bear  very  little 
extension.  It  breaks  and  cracks  suddenly;  but  the  separate  pieces,  when  subsequently 
squeezed  together,  again  become  by  regelation  (as  it  is  termed)  one  continuous  mass. 

After  some  general  remarks  on  the  cause  of  the  laminar  structure  of  glacier*) 
he  remarked  that  there  was  no  doubt  Dr.  Tyndall  was  right  in  supposing  the  lamlnsB 
of  blue  and  white  ice  to  be  perpendicular  to  the  directions  of  maximum  pressure. 
He  reminded  the  Section,  that  he  had  himself  shown  this  fourteen  years  ago,  by  a 
rigorous  mathematical  investigation  of  the  internal  pressures  and  tensions  of  the 
g&cial  mass,  resulting  from  the  more  rapid  motion  in  its  central  than  in  its  lateral 
portions ;  and  the  results  of  this  investigation  were  entirely  sanctioned  by  the  experi- 
mental elucidations  which  Dr.  Tyndall  bad  given  of  the  nature  of  these  internal  press- 
ures. The  physical  explanation  of  the  formation  of  the  veins  could  scarcely  yet  be 
regarded  as  complete ;  but  the  actual  perpendicularly  of  the  laminte  of  ice  to  the 
directions  of  maximum  pressure  within  a  glacier,  and  the  probable  perpendicularity 
to  those  directions  of  the  lominae  in  rock  masses  of  laminated  structure,  would  seem 
to  establish  some  relation  between  these  structures  in  rocks  and  elacial  ice,  giving  an 
interest  to  this  peculiar  structure  in  the  latter  case,  which  it  mi^ht  not  otherwise  ap- 
pear to  possess  for  one  who  should  regard  it  merely  as  a  geologist* 

He  con^uded  his  remiurk?  by  leferring  tp  the  p«p«ra  tQ  b«  read  belm  ^9  S^action. 
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On  the  Fossil  Fishes  and  Yellow  Sandstone. 
By  the  Rev.  Dr.  Anderson,  Newburgh. 

Referring  to  his  paper  in  the  Report  of  the  British  Association  of  1850,  the  author 
remarked  that  mucn  discussion  had  since  occurred  as  to  the  true  position  and /orma- 
Hon  of  the  Yellow  Sandstone  of  Dura  Den,  as  well  as  of  other  localities.  It  was  termed 
the  Yellow  Sandstone,  not  simply  because  of  the  colour  generally,  but  because  of  it« 
striking  contrast  with  the  other  members  of  the  Old  Red  Sandstone  series*.  In  Ire> 
land  it  seems  to  be  regarded  by  Sir  Richard  Griffith,  in  his  valuable  communicatioa 
to  the  Section  last  year  at  Dublin,  as  holding  a  doubtful  position,  whether  relatively 
to  the  Old  Red  or  to  the  Carboniferous  system.  Mr.  Jukes  declared,  on  the  same 
occasion,  his  conviction  that  <'  the  whole  nsh-beds  of  Scotland,  and  the  similar  rocks 
in  Glamorganshire  and  South  Wales,  might  belong  to  the  Carboniferous  system.*' 
This  confusion  arose,  the  author  was  persuaded,  from  the  confusion  in  the  rockt 
themselves  in  these  localities,  where,  through  means  of  the  intrusive  traps,  they  are 
all  upheaved  and  disturbed  in  their  positions  and  relations  to  each  other.  Btit  in 
Dura  Den  the  whole  series  are  in  the  closest  juxtaposition,  and  to  bo  read  oflT  with 
the  ease  of  letter-press  from  sectional  descriptions.  He  had  further  to  add,  upon  ^e 
question  of  age  and  position,  that  no  Pterichthys  nor  Pamphractus  had  been  found  in 
any  of  the  rocks  immediately  above  the  yellow  deposit  of  Dura  Den,  and  be  chal- 
lenged  the  detection  of  one  of  either  genus  from  any  of  the  strata  yielding  Cephakupii 
or  the  grey  sandstone  beds  with  Pterygotus  beneath,  in  Forfarshire,  Perthshire,  or 
Caithness.  Diplopteri  were  likewise  abundant  in  this  deposit.  Sir  Roderick  Murcbison 
and  Lord  Kinnaird  had  accompanied  him,  a  few  days  ago,  to  Dura  Den,  and  he  was  now 
fortified  in  his  conclusion  by  the  high  authority  of  Sir  BLoderick,  who  at  this  Sectional 
Meeting  has  declared  '*  that  there  could  be  no  doubt  whatever  that  the  yellow  sand- 
stones of  Fifeshire  pertain  truly  to  the  Old  Red  group,  are  entirely  subjacent  to  the 
lowest  carboniferous  sandstones,  and  are  of  the  same  age  as  the  upper  yellow  sand- 
stones of  Elgin." 

<<  The  sectional  drawings  on  the  wall  exhibit  in  the  closest  relation  the  wonders  of 
the  two  geologic  ages,  the  Carboniferous  and  the  Old  Red.  A  step  carries  you  firom 
the  one  series  of  rocks  to  the  other.  A  vast,  universal,  inconceivable  change  passes 
over  the  surface  of  the  globe ;  the  seas  in  greater  varieties  and  in  multiplied  forms  of 
marine  life;  the  land  all  over  abounding  in  trees  and  fern  forms  or  the  amplest 
dimensions ;  and  leaping  across  the  stream,  in  this  narrow  dell,  you  pass  the  shaoowv 
bourn  which  separates  two  of  the  oldest  and  most  remarkable  epocns  in  the  world^ 
history.  The  mighty  operation  is  marked  on  a  small  scale,  though  recorded  in  the 
most  legible  characters;  a  slight  depression  in  the  dip  of  the  strata  on  the  one  side  of 
the  rill,  a  few  black  lines  interspersed  amon^  the  stripes  of  white  rock  on  the  other 
side ;  and  this  is  the  simple  lithograph  by  wnich  Nature  tells  of  energies  whose  pro- 
ducts are  mountains  and  valleys,  new  teeming  lands,  seas  swarming  with  die  moving 
thing  that  hath  life,  and  mineral  treasures  enclosed  for  roan's  use  and  comfort  which 
Time  only  can  exhaust  \ !  " 

Passing  from  this  point,  now,  he  thought,  completely  established,  the  author  of  the 
paper  proceeded  to  a  description  of  the  fossils  so  abundant  in  the  deposit,  amounting 
to  four  genera  and  seven  or  eight  distinct  species  of  fishes  and  Crustacea.  The  beau- 
tiful drawing  of  the  large  specimen  before  them  was  that  of  a  Iloloptychiw  nobUis- 
simui,  excavated  last  week  from  its  stony  bed  of  ages,  and  adding  a  new  member  to 
the  Dura  Den  family  of  the  genus,  and  thus  placing  it  higher  in  the  series  than  the 
rocks  of  Glashbennie,  or  those  of  Cromartie  and  other  localities  in  the  north.  He 
held  in  his  hand  a  specimen  of  the  two  bones  of  the  head  termed  the  glouo-hyal 
plates  that  supported  the  lower  jaw,  and  which  resembled  very  much  the  plates  in 
the  existing  Sudis  gig<u  of  the  American  rivers.  The  huge  Meffalichth3rs  of  our 
Scottish  coal-fields  had  three  glouo-hyal  supporters,  as  if  Nature  in  her  arrangements 
had  made  size  a  condition  of  organic  structure.  Upon  the  whole,  he  concluded,  we 
have  in  Dura  Den  a  classic  field  for  geologists  of  the  deepest  interest;  much'haa 
been  obtained,  much  remains  to  be  detected  in  future  researches.    For  the  general 

♦  Coarse  of  Creation,  by  Dr.  Anderson,  p.  57.    Longman,  Brown  and  Co.,  London, 
t  The  author's '  Geology  of  Scotland.'  Pictorial  History.    Virtue  and  Co.,  London. 
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student,  it  was  a  chapter  in  the  earth's  history,  over  which  may  be  inscribed  in  the 
most  legible  characters,  **  Science  made  easy,"  so  well  defined  arc  the  rocks  of  the 
several  systems,  and  so  distinct  and  remarkable  are  the  organic  remains  by  which 
they  are  classified  and  filled  to  repletion. 

On  the  Volcanoes  of  Central  Asia^  commencing  witli  the  Baikal^  in  Orienial 

Siberia^  and  extending  into  Mongolia  and  Chinese  Tartaryy  illtistrated 

by  a  beautiful  series  of  drawings  of  the  principal  volcanic  scenes  described. 

By  T.  W.  Atkikson,  F.G.S, 

The  author  said  he  did  not  intend  to  furnish  a  strictly  geological  account,  describing 
each  stratum  and  mass  of  lava  scientifically,  his  desire  being  only  to  point  out  and 
describe  volcanic  regions  passed  through  in  his  travels,  commencing  with  that  round 
the  Baikal  In  Oriental  Siberia,  and  continuing  to  the  Syan-shan ;  extending  over  a 
country  lying  between  80°  and  110°  east  longitude,  and  from  4P  to  55®  north  lati- 
tude, and  embracing  a  great  variety  of  steppe  and  mountain,  including  a  part  of  the 
desert  of  Gobi. 

The  Baikal  had  by  some  persons  been  considered  a  vast  crater,  of  which  wonderful 
stories  were  told  by  those  wno  inhabit  its  shores.  It  was  said  to  be  nearly  GOO  miles 
in  length,  varying  from  30  to  40  miles  in  width.  The  northern  shores  of  the  Baikal 
were  rocky,  and  rose  from  500  to  600  feet  above  the  water,  and,  in  a  few  places, 
there  were  steppes  or  planes  down  to  the  water's  edge.  The  island  of  Olchon 
stretches  along  toe  northern  shore ;  it  is  about  60  miles  in  length,  and  from  12  to  15 
miles  in  breadth.  There  was  no  appearance  of  volcanoes  ever  having  been  in  action 
either  on  the  northern  shore  or  on  the  island.  On  the  southern  shore,  near  Tour- 
kniskaia  and  Bargouzin,  volcanic  action  had  most  undoubtedly  taken  place. 

He  next  described  the  Kosso<gol,  a  lake  75  miles  in  length  and  22  in  breadth, 
bounded  on  the  north  and  west  by  snow-capped  mountains;  on  the  lower  slopes 
were  several  volcanic  domes  from  wliich  lava  liad  issued.  Nearly  in  the  middle  of 
the  lake  there  was  a  conical-shaped  island,  probably  300  vards  in  diameter,  and  from 
250  to  300  feet  high.    This  he  also  believed  to  be  volcanic. 

In  the  valley  of  the  Oka,  which  was  120  miles  to  the  westward,  he  came  upon  a 
bed  of  lava  more  than  a  mile  in  width,  extending  nearly  across  the  valley.  The  lava 
had  a  metallic  appearance,  and  was  very  hard.  As  he  proceeded  along  the  valley, 
the  lava  increased  m  thickness;  in  some  places  it  rose  up  like  a  wall  40  feet  high,  and 
in  others  it  was  heaped  into  enormous  masses,  and  with  great  chasms  crossed  the  bed, 
as  if  formed  by  the  ma^  in  cooling.  He  then  detailed  his  exertions  to  discover  the 
source  of  this  stream  of  lava,  during  which  he  found  that  there  had  been  two  other 
eruptions ;  the  first  had  added  to  the  old  another  stratum  of  lava  24  feet  thick  ;  the 
second  a  bed  of  35  feet  thick  and  a  mile  in  breadth.  The  description  of  what  hap- 
pened to  the  expedition  in  search  of  tlie  source  of  the  lava  was  exceedingly  interesting. 
Afler  a  five  days'  journey  the  crater  was  reached ;  its  length  was  2  miles,  and  three- 
quarters  of  a  mile  in  width.  It  was  after  many  long  and  weary  rides,  extending  over 
more  than  500  miles,  into  Chinese  Tartary,  that  he  reached  a  singular  dome-snaped 
hill,  near  which  he  discovered  a  bed  of  lava.  On  examining  the  spot,  he  was  assured  tnat 
the  substance  had  gushed  from  several  places  on  the  side  of  the  mount,  and  had  run  a 
short  distance  down  the  ravine.  He  determined  to  ascend  the  dome  and  examine  the 
summit  The  whole  mass  was  of  a  dark  purplc-grey  colour,  with  the  appearance  of 
having  been  forced  up  in  a  soft  or  fluid  state  into  the  shape  of  an  enormous  air-bubble. 
It  was  split  and  fractured  in  every  direction,  but  not  in  regular  strata.  That  this  was 
the  commencement  of  a  volcano  was  quite  certain,  but  the  molten  matter  must  have 
found  an  outlet  elsewhere.  There  was  not  a  blade  of  grass  or  moss  growing  on  the 
dome,  to  the  summit  of  which  he  and  a  Cossack  scrambled  with  great  toil  and  diffi- 
culty. The  dbtance  from  thb  place  to  Pe-shan,  a  volcano  still  in  action,  is  about 
450  miles*  __«. 

On  the  Fructification  of  Cvclopteris  Hibemica  (Forbes),  from  the  Upper 
Devonian  or  Lower  Carboniferous  Strata  at  KiUorkan  Hill,  County  KH^ 
henny.    By  W.  H.  Baily,  F.G.S. 
Mr.  BaHy  in  a  few  short  notes  alluded  to  this  beautiful  and  weU-preserved  fossil 
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fern,  named  by  Prof,  Edward  Forbes  Cyelopt0ru  HUfemka^,  and  obtained  in  luch 
great  proftuiion  from  the  Upper  Devonian  or  bate  of  the  Carboniferoua  system  at  Kil- 
torkan  Hill,  County  Kilkenny,  as  having  received  additional  interest  from  the  discovery 
of  several  specimens  exhibiting  it  in  various  stages  of  fructification^  and  illustrating 
other  parts  of  its  structure,  forming  part  of  a  large  collection  recently  made  by  the 
Qeologieal  Survey  ftt)m  that  locality. 

A  diagram  illustrating  these  particulars  was  exhibited  and  ^pliUned,  li|dil4iog, 
first,  what  was  considered  to  be  the  base  of  the  stem  or  rhisoma,  having  a  rpunded 
expansion,  apparently  separating  into  scales,  which  continued  upwards,  migments  of 
leaflets  beine  attached  to  the  stem  at  different  intervals.  The  venation  of  a  leaflet, 
from  one  of  the  principal  pinnules,  presented  longitudinally  arranged  striae  which 
were  occasionally  forkea. 

One  of  the  fertile  pinnules  of  a  specimen  showed  the  spores  were  aggr^ted  into 
clusters  or  sori,  and  that  tlie  indusium  or  protecting  cover  had  been  but  litOe  broken 
up.  A  fertile  pinnule  from  another  specimen,  however,  appeared  to  be  in  a  more 
advanced  stage,  losing  in  a  great  measure  the  aggregated  character  of  the  sori,  and 
showing  the  protecting  cases  Twhich  were  granulated)  to  be  much  disturbed. 

Other  specimens  in  the  collection  were  alluded  to ;  one  of  which,  with  a  length 
of  16  inches,  had  twelve  pinnules  on  each  side  of  the  rachis  in  full  fructification, 
without  any  appearance  of  leaflets,  the  spore-ca&es  being  scattered  in  all  directions; 
another,  of  the  same  length,  had  about  twenty  pinnules  on  each  side,  the  lower  ones 
being  in  full  fructification,  which  decreased  gradually  towards  the  upper  portion  of 
the  frond,  the  leaflets  taking  its  place. 

Mr.  Baily,  having  visited  the  locality,  found  the  ferns  to  be  most  numerously  dis^ 
buted  tlirough  the  beds  which  were  composed  of  a  fine-grained  compact  greenish 
yellow  sandstone,  readily  splitting  into  tnin  layers,  some  specimens  presenting  an 
appearance  of  irregular  venation  and  distortion  as  if  from  softening  or  nuu^eration  in 
water :  associated  with  them  were  many  other  plants  and  specimens  of  a  large  fi'esh- 
water  bivalve,  Anodonta  Jukesii  (Forbes),  having  both  valves  united.  About  3  feet 
from  the  surface,  in  a  much  coarser  and  more  irregular  sandstone  not  splitting  into 
Jaminse,  numerous  fish  remains  were  collected,  believed  to  be  the  osseous  plates  of 
Coceosteus  (like  C.  decipiens)^  and  with  them  a  single  tooth  of  a  Sauroid  fish,  probably 
Dendrodus,  being  the  second  specimen  of  that  kind  obtained  from  this  locahty. 

The  beds  were  found  to  dip  at  a  very  slight  an^le,  about  four  or  five  degrees 
to  the  S.W.y  haying  angular  joints,  in  the  neighbourhood  of  which  they  were  much 
broken  up. 

The  section  exposed  was  stated  to  be  as  follows  :-— 

No.  1 .  A  superficial  deposit  from  1 8  inches  to  2  feet,  with  broken  fragments  con- 
taining the  same  plants  as  in  the  beds  beneath. 

No.  2.  Fine-grained  greenish  shale  with  Cyclopteris  and  other  plants,  1  foot 

No.  3.  Coarser  sandy  bed  not  splitting  into  layers,  with  Coccotiem,  and  few  plants, 
1  foot. 

No.  4.  Fine-grained  sandy  shale,  with  Cyclopierit  and  other  plants,  splitting  into 
)ayerS|  the  lower  beds  being  coarse,  and  the  Cychpteris  large  but  not  well-preserved. 


On  two  new  species  of  Crustacea  {BeOinwus^  Kdnig)yrom  ike  Coal  iteatwf^ 

in  Que^*s  County^  Ireland  \  and  some  Remarks  on  forms  aiUed  to  tkem> 

By  W.  H.  BAitY,  F.G.S^  and  of  the  Geological  Survey  (f  Ireland. 

The  peculiar  CoaUmaasure  Crustacea,  described  by  Mr.  Daily,  wer0  first  disaoveifd 

by  Mr,  George  Henry  Kinahan  of  the  Geological  Survey  of  Ireland,  at  the  Bilb^ 

dollieiy^  Queen's  Co.,  in  debris  obtained  from  the  three^foot  bml  of  nhaie  imn^ 

diately  oyer  the  eoal,  associated  with  a  few  plants  and  numerous  small  bivalve  sh^* 

(Myacites)  allied  to  Unio,  together  with  others  of  the  Mytiloid  form  (Afyelm)'*^ 

deposits  in  which  they  occur,  like  those  of  Coalbrook  Dale,  from  which  the  alii^ 

^^rms  w«re  irst  ob(ai«ed,  being  of  fresli water  or  estuarine  origin,  » 

Mr.  Baily  alluded  to  a  paper,  previ^msly  read  before  thQ  Geological  §o(?iaflr  <>' 

»  Exhibited  by  the  lale  Professor  Forbes  at  the  Meeting  6l  the  British  Asaociallpai*^ 
>siinl6M. 
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Dublin^  on  oh6  of  ttie  specimdfll  finrt  ditcoTered,  which  he  proposed  should,  as  well 
as  the  allied  and  probably  eontemporaneous  forms  found  in  ironstone  nodules  from 
the  Penney  stone  of  the  lower  coal-mea8ures>  Coalbrook  Dale,  hitherto  included  in 
the  genus  Limultu^  be  removed  from  the  recent  genus*  as  presenting  characters  more 
closely  allied  to  Trilobites,  and  to  which  new  genus  the  name  of  Steropii  was  given. 
Since  then«  however,  more  perfect  specimens  and  another  species  had  been  obtained 
by  himself  and  Mr.  Kinahan,  which  had  still  further  confirmed  his  views  respecting 
the  necessity  for  a  rearrangement  of  the  genus ;  and  as  one  of  the  most  common 
species  was  orisinally  fic^ured  by  Kdnig  in  his  *  Icones  Sectiles'  in  1826,  by  the  name 
of  BeUinurut  helltdut^  he  considered  it  but  just  to  restore  that  generic  name  in  pre^ 
ference  to  adding  a  new  one.  These  Coal-measure  Crustacea  appearing  to  be  the 
commencement  of  the  Limuloid  type,  it  was  thought  advisable  to  consider  them  as  a 
subgenus  of  Limulus  under  the  name  of  BeUmnrus* 
The  nomenclature  would  therefore  be  the  following  !•— - 

Order  ENTOMOSTRACA. 
Legion  Pdlettoi^ooA*    Ordef  XiphoHtra. 
Crenus  Limutus,  Miiller;  subgenus  Beltinurua,  Konig, 
Beilinwrui  (Lmulw)  anthrtue^  Prestwich,  Geol«  Trans.  2nd8er.  5.  t.  41.  d  1«4.   Coal- 
measures,  Coalbrook  Dale* 
Bettmunti  (Limuliu)  rolundui,  Prestwich,  Qec^.  Trans.  Snd  sen  5.  t*  41.  f.  6-7*  Coal** 

measures,  Coalbrook  Dale. 
Bellim^rus  (Limului)  trilobiteideB,  Prestwich^  GeoL  Trans.  8nd  Ser.  6.  t.41.  f.  8 ;  and 

Buckland,  Bridgw.  Treat,  p.  996. 1 46''.  f.  3.     CoaUmeasures,  Coalbrook  Dale* 

Also  C(4.  Pertlock,  Report  on  Londonderry,  &o.  t«  24.  f»  11,  doubtfully  referred  to 
this  species. 

Synonyms  of  this  8pecies^^(£ftlofnoiiMtfs  monoenlui),  MaHin,  Pet.  Derb.  t.  45.  f»  4. 
(BeUinurui  bellulm),  Konig,  Icon.  Sect  pi.  1 8.  No.  230. 

[In  Parkinson's  *  Organic  Remains,'  vol.  iii.  pi.  17,  a  similar  fossil  is  said  to  be 
figured  f^m  Dudley  i  mde  Buekl.  Brid^.  Treat.] 

BelUnunu  Regina^  fiaily»  a.  sp.  Coal-measures,  Bilboa  Colliery,  Queen's  Co. 
BeUmmrtu  areutttuif  Baily,  n.  sp.    Coal-measures,  Bilboa  Colliery,  Queen's  Co» 

Descriptions  of  these  two  new  species  were  given  by  Mr.  Baily ;  BelUnurUt  Regina^ 
which  was  of  small  size,  being  remarkable  for  having  had  the  cephalic  shield  and 
thoracie  rings  extended  into  long  spines;  these  diminished  in  regular  gradation 
towards  the  tail,  which  was  small  and  bore  a  spine  of  great  siko  and  lengui,  being 
three  times  that  of  the  animaL 

Length  1  inch  and  ^th.  Breadth  \  inch  and  ^ths.  Length  of  tail-spine  |fths 
of  an  inch. 

The  second  speoieS|  BHlifmrua  areuatu§t  was  sdd  to  be  allied  to  JB.  triMUMes^ 
but  differed  in  its  general  form  and  the  greater  spreading  out  of  the  spines  at  the 
posterior  andes  of  the  cephalic  shield ;  also  in  the  development  of  two  additional 
spines  fVom  tne  ridge  of  the  glabella  extending  over  the  body. 

Several  specimens  of  this  species  were  obtained ;  one  from  a  concretion  in  the  shale 
exhibited  the  form  of  the  body,  which  was  broadly  ovate  and  acuminated  posteriorly, 
having  a  moderately  developed  tail-spine ;  it  showed  distinctly  the  division  of  each 
thoracie  ling  into  segments,  naving  grooved  lateral  angles,  as  in  the  Trilobites. 

Length  1  inch.    Breadth  Mths  of  an  inch.  Length  of  iail-spine  about  \  an  Inch. 

Mr.  Baily  then  alluded  to  the  mat  palseontological  interest  attached  to  the  dis- 
covery in  Ireland  of  new  forms  of  Coal-measure  Crustacea  so  similar  in  character  to 
those  found  at  Coalbrook  Dale,  Shropshire,  by  extending  their  distribution  to  corre<c 
spending  strata  in  that  country,  and  indicating  similar  conditions  to  have  been  preva* 
lent  over  a  wide  area. 

On  a  comparison  of  these  Coal-measure  Crustacea  with  the  more  recent  and  living 
fbrms,  the  wide  gap  in  point  of  time  corresponds  with  the  great  difference  observable 
in  their  structure,  whicn  exhibits  a  closer  alliance  with  the  Trilobites.  On  the  con- 
trary, there  is  a  striking  resemblance  between  the  Upper  Jurassic  remains,  which  are 
those  of  true  Limuli  and  the  living  forms. 
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On  the  Yorkshire  Flagstones  and  their  Fossils.    By  W.  Baines. 

In  iliustration  of  the  origin  of  this  rock,  the  author  relates  the  following  observa- 
tions. On  a  bleak  moor  side,  in  the  shelving  formation  of  a  fine  sandstone,  was  a 
hollow  dammed  across  for  the  accumulation  of  rain-water  for  scouring  purposes.  In 
a  few  years  it  was  filled  up  by  a  gradual  deposit  of  sand.  When  dug  out,  there  were 
presented  finely  laminated  strata.  In  noticing  other  depositions,  tlie  autlior  found 
that  each  layer  was  the  deposit  of  one  shower ;  and  in  proportion  to  the  quantity  or 
time  of  each  succeeding  rain,  did  the  thickness  of  the  deposit  depend :  each  layer  is 
the  effect  of  one  flood,  a  time  intervening  when  the  sand  was  all  accumulated  at  the 
bottom,  and  the  water  had  smoothed  its  surface  by  a  very  gentle  action ;  so  that  the 
smootlied  bed  would  not  allow  of  the  next  flood's  deposit  to  mix. 

The  laminae  of  the  rock  may  be  as  thin  as  paper,  or  1  inch  thick  for  roofing-slate» 
or  2  or  3  inches  thick,  which  is  the  Yorkshire  flag,  or  an  uninterrupted  deposition  of 
ages,  when  it  becomes  the  cutting  stone  or  ashlar,  a  number  of  square  yards  in  one 
mass  without  any  cleavage.  This  Yorkshire  flag  then  is  but  the  pond  deposit  above 
noticed  on  a  larger  scale,  and  the  deposit  of  some  ancient  estuary  whose  waters 
washed  the  finer  particles  of  the  carboniferous  sandstone  from  the  Halifax  and  I'od- 
morden  districts ;  but  the  deposition  must  have  taken  place,  if  not  in  deep  water,  cer- 
tainly in  still  water ;  for  the  smallest,  yea,  the  faintest  breeze  of  wind,  caused  the 
ripple-marks,  as  thousands  of  the  freestone  slabs  show,  in  the  strata  overlying  the  flag 
formation,  and  the  uppermost  strata  must  have  been  formed  in  shallow  water,  and  at 
times  completely  dry,  as  there  are  hundreds  of  acres  which  bear  impressions  of  rain 
or  hail  drops  having  impinged  upon  the  strata  in  process  of  formation.  There  are 
great  quantities  of  the  tracks  and  depositions  of  annelides,  or,  as  they  are  locally 
termed,  the  earthworm.    It  is  a  formation  extremely  barren  of  animal  remains. 

The  Flora  in  the  Yorkshire  flag  is  not  so  numerous  as  in  the  ragged  or  crooked 
stone  above  and  below,  simply  from  its  being  a  quieter  deposit  than  the  other  strata. 
The  most  common  fossil  found  in  this  formation  and  its  kindred  shale  is  the  Calamite, 
some  shales  between  the  different  strata  being  literally  composed  of  its  impressions. 
The  next  most  common  plant  is  the  SUgmaria  in  profuse  abundance,  but  very  rarely 
the  trunk  or  Sigillaria.  It  is  quite  evident  that  the  tuberous  appendages  denote  it  to 
be  a  mud  plant  or  roots.  Some  of  the  most  magnificent  and  perfect  specimens  of  the 
Lepidodendron  are  found  in  this  strata.  There  are  also  Pecopterit  nervota  and  NeU" 
ropteris,  &c ;  as  also  a  few  fossil  fruits,  similar  to  Trigonocarpum  cvatum. 

Only  two  seams  of  coal,  namely,  Halifax  soft  and  hard  beds,  lie  under  this  stratum, 
and  above  the  great  millstone  giit  base ;  while  thirty-three  beds  or  bands  of  coal,  with 
hundreds  of  varying  strata,  overlie  this  deposit  within  twenty  miles  eastward  to  Old 
Normanton,  forming  a  series  over  700  yaras  deep. 


On  the  Atlas  and  Axis  of  the  Plesiosaurus.    By  L.  Barrett,  F.G.S. 

In  a  young  specimen  of  Pleaiosaunu  presented  to  the  Geological  Museum  of  the 
University  of  Cambridge  by  Thomas  Hawkins,  Esq.,  the  atlas  and  axis  have  not 
coalesced,  and  arc  detached  from  the  remainder  of  tne  cervical  series.  The  axis  is 
nearly  entire ;  but  the  atlas  has  lost  part  of  its  posterior  articular  surface,  and  the 
whole  of  the  second  subvertebral  wedge-bone.  The  interesting  unanchylosed  con- 
dition of  the  four  bones  composinfi^  the  atlantal  cup  is  a  sufficient  excuse  for  occupying 
a  small  portion  of  the  time  of  the  Section  with  a  comparison  of  these  bones  with 
those  described  by  Prof.  Owen  in  the  'Annals  of  Natural  History  '  for  1847,  and  the 
corresponding  parts  of  the  skeleton  of  the  new  species  of  Plesiosaurus  described  by 
Prof.  Huxley  in  the  last  number  of  the  Geological  Journal. 

We  will  first  consider  the  structure  of  this  specimen.  The  four  bones  composing 
the  atlantal  cup  have  been  slightly  displaced ;  and  iU  shape  is  a  little  altered.  The 
base  of  the  neural  canal  is  formed  anteriorly  partly  by  its  centrum  and  partly  by  the 
expanded  bases  of  the  ueurapophyses ;  posteriorly  tlie  centrum  is  much  larger,  and 
forms  the  entire  base  of  the  canal.  The  upper  thirds  of  the  neurapophyses  are 
much  expanded  and  bent  backwards ;  their  inner  angles  have  not  coalesced,  and  there 
is  no  trace  of  a  neural  spine.  The  anterior  surfaces  of  the  lower  part  of  the  neur- 
apophyses  are  concave,  and  form  the  antero-lateral  segments  of  the  articular  cup  for 
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the  occipital  condyle ;  laterally  their  inferior  edges  slightly  overlap  the  first  wedge* 
bone ;  posteriorly  they  thin  awa^,  exposing  the  postero-lateral  edges  of  the  centrum. 
That  part  of  the  centrum  which  forms  the  middle  of  the  upper  half  of  the  ailantal 
cnp  is  hexagonal,  and  it  has  a  small  pit  in  its  centre ;  posteriorly  its  articular  face  is 
three  times  as  great  (nearly  as  large  as  the  articular  surface  of  the  body  of  the  axis^, 
and  has  a  circular  depression  in  the  middle.  The  wedge-bone  forms  the  lower  half 
of  the  articular  cup,  and  has  been  produced  behind  into  two  long  processes,  the  bases 
of  which  only  remain. 

The  neural  spine  of  the  axis  is  long,  and  much  thicker  than  that  of  any  of  the 
succeeding  cervical  vertebrse ;  the  apex  is  broken  off  in  this  specimen.  The  neur- 
apophyses  are  separated  from  the  centrum  by  a  distinct  suture ;  and  an  oblique  ridge 
connects  on  each  side  the  anterior  with  the  posterior  zygapophysis.  The  antero-inferior 
edge  of  the  axis  is  bevelled-of^  forming  an  articular  surface  for  the  second  wedge- 
bone  ;  and  the  basal  portions  of  two  cervical  ribs  remain  attached  to  the  anterior 
lower  part  of  the  centrum  :  they  must  have  partly  articulated  with  the  second  wedge- 
bone. 

The  axis  of  Plesiosaurus  Elkeridgii,  lately  examined  by  Prof.  Huxley,  agrees  en- 
tirely with  that  of  this  species ;  but  there  are  some  important  modifications  in  the 
structure  of  the  atlas. 

Prof.  Huxley  describes  the  atlantal  cup  in  this  species  as  being  divided  by  a  tri- 
radiate  mark  into  three  portions — one  inferior  and  two  lateral  and  superior.  The 
inferior  piece  corresponds  with  the  lower  half  of  the  atlantal  cup,  or  the  anterior  sub- 
vertebral  wedge-bone ;  and  tlie  two  supero-lateral  pieces,  with  the  neurapophyses  in 
the  specimen  first  described ;  but  their  bases  are  much  more  developed. 

There  is  a  small  circular  bone  in  the  centre,  which  Prof.  Huxley  considers  to  belong 
to  the  OS  odontoideum ;  it  is  the  anterior  articular  face  of  that  bone,  and  corresponds 
to  the  hexagonal  bone  in  the  middle  of  the  upper  half  of  the  atlantal  cup  in  the 
former  species, — the  difference  in  position  being  caused  in  this  species  by  tne  great 
development  of  the  supero-lateral  pieces  or  bases  of  the  neurapopnyses. 

The  postero-lateral  edges  of  this  bone  are  greatly  developed,  forming  a  rounded 
ridge  on  both  sides  of  the  posterior  part  of  the  atlas :  the  extraordinary  development 
of  this  part  of  the  bone  is  the  most  remarkable  feature  in  the  atlas  and  axis  of  this 
species. 

We  now  come  to  the  species  first  described  by  Prof.  Owen.  We  have  two  speci- 
mens, in  the  Woodwardian  Museum,  of  this  species,  both  from  the  Kimmeridge  Clay 
of  Haddenham,  near  Ely ;  the  larger  of  the  two  was  figured  by  Prof.  Owen  in  the 
*  Annals  of  Natural  History,'  vol.  xx. 

The  neural  arches  in  both  specimens  are  broken  away ;  and  the  bodies  of  the  two 
vertebrae  have  so  coalesced,  that  the  original  line  of  separation  is  scarcelv  visible. 
The  neurapophyses  and  cervical  ribs  of  the  axis  have  become  anchylosed  to  the  bodies 
of  that  vertebra.  The  posterior  half  of  the  bottom  of  the  neural  canal  in  the  atlas  is 
formed  by  the  true  centrum  of  that  vertebra ;  but  in  the  anterior  half  the  bases  of  the 
neurapophyses  have  spread  over  the  centrum,  and  have  united  at  tlie  medial  line. 
On  the  upper  part  of  the  atlantal  cup,  a  groove  indicates  the  position  of  the  original 
suture  between  the  bases  of  the  neurapophyses  and  the  lower  part  of  the  atlantal  cnp. 
In  the  larger  specimen  there  is  a  trace  of  the  suture  which  separated  the  anterior 
subvertebral  wedge-bone  from  the  upper  part  of  the  atlas,  but  which  is  absent  in  the 
smaller  specimen. 

In  the  atlas  of  the  three  species  of  PUsiotaurus  we  have  now  considered,  the 
anterior  articular  face  of  the  atlas  is  made  up  of  four  bones :  of  these,  the  os  odon- 
toideum is  the  most  variable  in  size.  Prof.  Owen  correctly  assigned  to  it  a  large  share 
in  the  formation  of  the  atlantal  cup  in  the  Kimmeridge  Clay  species.  It  forms  about 
a  third  of  the  upper  half  of  the  cup  in  the  young  unanchylosed  specimen,  and  in  P. 
Eiheridgii  is  extremely  small.  Its  position  varies :  in  the  young  specimen  it  forms 
the  base  of  the  neural  canal  of  the  atlas ;  in  the  Kimmeridge  Clay  species  it  is  over- 
lapped by  the  expanded  bases  of  the  neurapophyses ;  and  in  P,  Elheridgii  it  occupies 
the  centre  of  the  cup.  The  bases  of  the  neurapophyses  of  the  atlas  are  most  deve- 
loped in  this  species,  and  least  in  the  Kimmeridge  Clay  species ;  in  all  cases  the  an- 
terior subvertebral  wedge-bone  forms  a  large  portion  of  the  atlantal  cup.  That  the 
suture  between  this  bone  and  the  os  odontoideum,  in  the  atlas  of  the  species  figured 
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by  Prof.  OKren  in  the  'Ailnals*  fbr  1847<  ia  correct,  We  hare  abundant  pw>of  id  the 
structure  of  the  atlas  of  Plioiaurui,  where  the  oe  odontoideum  is  of  exactly  the  same 
ihape^  and  the  wedge*bone  separated  from  it  by  a  similar  suture* 

It  is  remarkable  that  the  Kimmeridge  Clay  species  approaches  more  nearly  the 
IchthyosauHau  type  than  the  Lias  species^  not  only  in  the  greater  deTelonment  of  the 
OS  odontoideum  and  in  its  lateral  edges  forming  the  lateral  margins  of  Uie  atlas,  but 
in  its  supporting  the  neurapophyses  *,  there  is  really  no  essential  difference  between 
the  atlas  of  this  species  and  the  atlas  of  Ichihyo$auru$. 

The  atks  of  P.  EiheritUrH  and  that  abore  referred  to,  as  figured  by  Prof<  Owen, 
show  many  Crocodilian  aAinities  (the  neurapophyses  beint^  supported  both  by  the 
wedge'.bone  and  the  centrum) ;  but  the  posterior  ed^e  of  the  centrum  does  not  sup- 
port a  pair  of  ribs  (plurapophvses),  and  no  trace  of  nbe  articulating  with  the  wedge- 
bone  hae  been  discoTered.  The  second  vertebra  of  the  same  species  supports  cervical 
ribs  articulated  to  its  body ;  but  in  all  other  respects  it  resembles  that  of  the  Crocodile* 


On  the  Marine  Shell  Bed  of  the  South  Wtdee  Coal  Baeiny  showing  the 
presence  qf  Vegetable  Remams  in  the  Upper  Coal  Measures  of  the  Districtf 
and  (f  Shells  and  Fish  in  the  Lower  Coal  Measures^  and  illustrating  the 
continui^  tfjbrms  ttf  UJkim  different  siradfieatians.  By  6.  P.  BbvAk, 
MJ}.,  F.O.S, 

The  South  Wales  basin  occupies  two  great  divisions — ^upper  and  lower  measures 
—chemically  divided  into  bituminous  and  anthracite,  the  latter  principally  in  Car- 
marthenshire and  Western  Glamorganshire;  Pennant  rock  series  principally  at 
Swansea.  Average  thickness  of  lower  beds  of  coal,  47  feet;  total  thickness  of  are- 
naceous and  argillaceous  strata,  1500  feet*  In  this  we  have  seven  or  eight  zones  of 
animal  life: — Ist.  Farewell  Rock,  lying  on  the  millstone  grit,  which  I  propose  to 
name  Rosser  Rock  :  there  are  thin  seams  of  coal  in  this  rock  containing  a  bed  of 
marine  shells,  which  I  have  traced  for  fi%  miles ;  from  this  bed  I  have  obtained 
forty-three  varieties.  2nd.  Above  this  is  the  bottom  vein  of  coal,  containing  fish 
remains  and  Spirifer  hmUcatus.  3rd.  The  blue  vein,  with  AnthracMta,  Modiolopsu 
and  Spirorbis.  4th.  Red  vein,  with  Cardiomorpha.  5lh.  Old  coal,  with  Vttio, 
Modiola,  and  traces  of  Crustaceans.  6th.  Daren  Pins,  with  Myalina  quadrata  and 
Unio  centralis,  7th,  Bydellog  coal,  with  Alhyris  planosiilcata^  and  at  Pontvpool»  Pro- 
ductus  scabriculus,  8th.  Three-quarter  coal,  with  Terehralula  hastaia  and  Mountain 
Limestone  species  at  700  feet  above  the  Carboniferous  Limestone.  9th.  £Uid,  ferns. 
10th.  Black  Pins,  Unio  aquUinus*     11th.  Soap  vein,  shell  uncertain. 


On  the  Vegetable  Structure  visible  in  tlie  Coal  cf  Nova  SeoHa. 
By  Professor  Dawson,  of  Montreal. 

Photographs  of  Quarries  near  Penrhyn^  showing  t/ie  structure  of  Granite. 
By  John  S.  Enys,  F.G.S. 

Bemarhs  on  certain  Vermiform  Fossils  found  in  the  Mountain  Limestone 
Districts  of  the  North  of  England.  By  Albany  Hancock. 
After  a  full  description  of  some  peculiar  crustacean  tunnels  or  tracks  observed 
on  the  sandy  shores  of  Nortlmmberland  and  Durham,  the  author  of  this  paper 
examines  in  detail  certain  vermiform  fossils  obtained  in  the  fine-grained,  mica- 
ceous sandstones  of  Haltwhistle,  Wensleydale,  and  Pateley  Bridge.  These  curious 
fossils,  of  which  there  are  two  principal  fbrms,  one  grooved,  the  other  nodulous,  had 
hitherto  been  considered  to  be  the  remains  of  worms,  or  of  worm-tubes,  or  the  casta 
of  worm-tracks ;  but  the  author  objects  to  this  opinion,  on  account  of  their  great  site, 
their  dissimilarity  to  worms,  or  tubes  or  tracks  of  worms ;  and  because  certain  cha* 
racters  exhibited  by  the  fossils  themselves  preclude  the  idea  of  an  organic  origin. 
He  states,  however,  that  they  are  undoubtedly  tracks  originally^  as  now,  eomposed  of 
the  same  material  as  the  slabs  upon  which  they  rest ;  and  the  high  probability  that 
they  wer«  ibrmed  by  Crmtaceans-is  deduced  from  the  remarkable  oarreappndenoo  •f 
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their  characters  to  those  of  the  runs  or  tunnels  of  these  animals,  as  observed  by  him 
on  our  northern  shores. 

Having  arrived  at  this  conclusion,  it  is  then  suggested  that  these  fossil  tracks  may 
have  been  produced  by  Trilobites,  which  agree  very  well  in  size  with  them.  The 
largest  tracks  of  the  grooved  form  are  a  little  above  an  inch  wide.  The  width  of  the 
pygidium  of  Phiiliptia  truncatula,  a  carboniferous  species,  is  11  lines,  that  of  the 
cephalic  shield  would  probably  be  a  little  more ;  therefore  if  allowance  be  made  for 
the  thickness  of  the  tunnel  wall  of  the  burrow  or  track,  and  the  necessary  enlargement 
of  the  calibre  beyond  the  width  of  the  animal,  it  is  evident  that,  so  far  as  the  size  is 
concerned,  the  largest  tracks  might  be  attributed  to  this  species. 

The  nodulous  tracks  are  stat^  to  be  not  more  than  half  an  inch  wide ;  there  can 
therefore,  be  no  difficulty  as  to  size  with  respect  to  this  form,  for  several  species  of 
Trilobites  are  described  to  be  about  that  size.  And  in  conclusion  it  is  remarlced  that 
the  large  cephalic  shield  with  its  anterior  or  head-tubercle  (glabella)  and  projecting 
"  cover  of  the  eyes,"  appears  well  calculated  to  plough  its  way  beneath  the  surface  of 
the  sandy  or  muddy  beach. 

Burmeister,  indeed,  in  his  work  on  the  '  Organization  of  Trilobites,'  published 
bv  the  Ray  Society,  expresses  an  opinion  that  their  habits,  like  their  structure,  resem- 
bled those  of  the  PhyUopoda  (a  tribe  of  the  Entomostraca),  and  that  they  "  moved 
only  by  swimming  in  an  inverted  position  close  beneath  the  surface  of  the  water,  and 
did  not  creep  about  at  the  bottom  as  Kloden  supposed."  Though  their  habits  may 
have  been  similar  to  those  of  the  PhyUopoda,  there  does  not  seem  any  good  reason 
for  asserting  that  there  was  no  deviation  in  this  respect.  In  fact,  the  organization  of 
the  two  groups  differs  in  so  many  particulars,  that  some  variation  in  their  modes  of 
life  might  naturally  be  looked  for.  The  Trilobites  may  have  occasionally  swum  at 
the  surface  as  supposed,  and  also  have  burrowed  in  the  mud  or  sand  at  the  bottom 
of  the  water  or  on  the  beach.  Season,  too,  may  have  modified  their  habits  in  these 
respects.  

On  the  Distortion  of  Fossils.     By  Professor  Harkness,  F.G.S. 


On  the  Origin  of  the  Breccias  of  the  Southern  Portion  of  the  Valley  of  the 
Nithy  Scotland.    By  Professor  Harkness,  F.G.S. 

The  southern  portion  of  the  Vale  of  the  Nith  consists  of  deposits  of  the  Permian 
age,  capable  of  being  divided  into  three  groups.  The  lowest  is  composed  of  sand- 
stones  which  afford  footprints,  the  middle  of  thick  breccias,  and  the  upper  of  red 
sandstone.  The  middle  member  is  for  the  most  part  made  up  of  angular  fragments, 
which  have  been  derived  from  the  Silurian  strata  surrounding  the  Permian  area. 
Besides  these  angular  Silurian  fragments,  portions  of  red  porphyries  also  occur  in 
these  breccias,  and  these  portions  of  porphyries  have  an  equally  angular  character 
with  the  Silurian  fragments. 

The  porphyritic  pieces  which  are  imbedded  in  these  rocks  have  no  representatives 
in  the  form  of  rocks  of  porph}Ty  nearer  than  about  twenty  miles  from  the  localities 
where  they  present  themselves ;  and  no  ordinary  action  of  water  is  able  to  account 
for  their  occurrence  in  an  angular  condition  among  the  constituents  of  the  breccias 
of  this  locality. 

Professor  Ramsay  has  described  the  angular  transported  fragments  which  form  the 
Permian  breccias  of  Worcestershire  and  Shropshire  (Quart,  Journ.  Geol.  Soc.  vol,  xi, 
p,  185  tf/  seq).  In  these  breccias  the  fragments  have  their  surfaces,  in  many  in- 
stances, well  marked  by  grooves  and  striae,  and  they  possess  many  features  which 
have  induced  Professor  Ramsay  to  regard  the  breccias  of  these  counties  as  having 
resulted  from  the  agency  of  ice,  leading  to  the  inference  that  Arctic  conditions  pre- 
vailed during  a  portion  of  the  Permian  epoch. 

The  deposits  which,  in  the  southern  portion  of  the  Vale  of  the  Nith,  are  composed 
of  angular  fragments,  do  not  bear  about  them  the  same  features  in  the  form  of  grooves 
and  strice  which  characterise  the  breccias  described  by  Professor  Ramsay.  The 
angular  nature  of  the  fragments,  and  the  distance  which  some  of  them  have  been 
tnmsported,  justify  the  conclusion  that  transport  by  water  has  not  been  the  agent 
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which  gave  rife  to  these  breccias ;  and  as  no  other  force  capable  of  transftoiiing 
angular  fragments  a  considerable  distance  at  present  operates  except  ice,  it  becomes 
necessary  to  refer  the  presence  of  these  breccias  to  the  same  cause. which  gave  rise  to 
those  of  Worcestershire  and  Shropshire.  The  absence  of  the  grooves  and  striae  from 
the  fragments  which  compose  the  Dumfriesshire  breccias,  indicates  that  the  mode  of 
operation  of  the  ice  was  somewhat  different  in  these  from  those  occurring  in  Wor- 
cestershire and  Shropshire.  Glaciers  seem  to  have  had  their  influence  in  producing 
the  deposits  in  the  latter  areas,  whilst  in  the  former  the  ice  seems  to  have  acted  prin- 
cipally as  a  raft,  transporting  rocky  fragments  from  one  area  to  another.  The  cir- 
cumstances which  the  oreccias  of  the  southern  portion  of  the  Vale  of  the  Nith  present, 
seem  to  justify  the  conclusion  of  Professor  Ramsay,  that  glacial  conditions  obtained 
during  part  of  the  Permian  epoch.     

Observations  on  the  Oenus  Pteraspis,    By  Thomas  H.  Huxley,  F.RS.9 
Professor  of  Natural  History ^  Government  School  of  Mines, 

In  a  paper  *'  On  Cephalaapis  and  Pteraspis"  recently  read  before  the  Geological 
Society,  and  published  in  the  '  Quarterly  Journal'  for  the  present  year,  I  endeavoured 
to  prove, — 

1st.  That  the  CepkaUupis  Lloydii  and  LetDttH  of  the  author  of  the  '  Recherches 
sur  les  Poissons  Fossiles,'  subsequently  united  into  a  distinct  eenus,  Pteraspis  (Kner), 
were  riehtly  judged  by  Prof.  Agassiz  to  be  the  remains  of  fish,  and  that  they  are  not, 
as  had  been  miafined  by  other  naturalists,  either  Crustacean  or  Molluscan. 

2nd.  That,  as  Prof.  Agassiz  had  surmised,  they  are  at  once  allied  to  CephalmMpis, 
and  generically  distinct  from  it. 

I  grounded  these  conclusions  almost  wholly  on  histological  evidence,  or  that  afforded 
by  the  microscopic  structure  of  the  bodies  in  question.  Not  having  seen  the  Cepka- 
laspit  rottratus  of  Agassiz,  I  abstained  from  offering  any  opinion  with  regard  to  it. 

Since  the  publication  of  my  paper  a  ereat  deal  of  new  material  has  passed  into  my 
hands,  chiefly  by  the  kindness  of  the  zeuous  geologists  and  palaeontologists  who  reside 
in  and  about  Ludlow,  Messrs.  Cocking,  Crouch,  Harley,  Lightbody,  Marston,  and 
Salwey,  and  I  have  thereby  been  enabled  greatly  to  extend  and  confirm  my  conclu- 
sions with  regard  to  the  nature  and  affinities  of  these  remarkable  extinct  fishes.  ^ 
brief  note  of  the  results  at  which  I  have  now  arrived  will  perhaps  be  Interesting  to 
the  Section. 

The  oblong  plates  which  have  hitherto  been  the  only  discovered  parts  of  PUratpU, 
form  onlv  a  portion  of  the  great  shield  which  covered  the  anterior  part  of  the  dorsal 
r^on  of  the  body.  Apparently  anchylosed  or  continuous  with  the  anterior  edges  of 
some  specimens  of  these  plates,  there  is  a  bony  disk,  prolonged  at  its  postero-lateral 
anfflet  into  two  long  comua,  which  pass  into  the  edges  of  the  oblong  plate.  The  disk 
exhibits  the  characteristic  structure  and  the  peculiar  striated  sculpture;  it  is  prolonged 
anteriorly  into  a  sort  of  rostrum,  whose  length  varies  with  the  species  of  PteroMpisi 
laterally  it  exhibits  two  well-marked  nearly  circular  marginal  apertures,  which  I 
make  no  doubt  are  the  orbits. 

I  conceive,  therefore,  that  the  part  in  question  corresponds  with  the  4mterior  part 
of  the  cephalic  disk  of  Cepkalatpts,  and  that  the  oblong  plate,  which  may  well  be 
termed  the  occipito-nuchal  pkte,  answers  partly  to  the  posterior  moiety  of  the  cephalic 
disk  of  Cephalaspis,  partly  to  that  median  backward  prolongation  of  the  posterior 
margin  of  the  oephahc  disk  of  CephakupU  to  which  I  have  particularly  directed  at- 
tention in  my  memoir.  It  is  from  this  that  the  strong  nuchal  spine  of  the  CepkaUupis 
arises ;  and  as  if  to  render  the  resemblance  complete,  the  most  perifect  specimens  of 
Pi^raspis  show  that  it  had  a  like  spine  developea  in  a  similar  position. 

There  exists,  indeed,  a  most  interesting  gradational  series  of  forms  between  Cephal- 
atpit  LyelUi  and  Pteraspis, 

The  Auchenatpis  of  Sir  Phih'p  Egerton  has  a  cephalic  disk  with  the  semicircular 
anterior  outline  of  that  of  Ceph,  LffelUi,  but  the  interspace  between  the  comua  of  the 
disk  is  nearly  filled  up  b^  the  large  nuchal  plate,  whose  backward  extent  may  have 
been  greater  than  is  exhibited  by  any  of  the  specimens  of  Auchenaspu  yet  obtained. 
Enlarge  the  nuchal  plate  oi  Aucheiuupit  and  give  the  cephalic  disk  a  more  produced 
anterior  outline,  and  the  result  is  the  form  of  Pteratpii, 
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Througliout  all  these  gradations  of  form,  however,  it  must  he  home  in  mind  that 
the  minute  Btructure  of  the  parts  is  such  as  at  once  to  enable  the  ohserver  to  di* 
stinguish  CephaUupU  from  Pteraspis, 

i  ventured  in  my  paper  read  before  the  Geological  Society,  to  say  that  the  Ganoid 
nature  of  Cephalaspis  and  Pteraspis  appeared  to  me  to  he  unproved,  and  to  allude  to 
the  relations  between  these  genera  and  the  great  eroup  of  existing  Siluroideu  'With- 
out at  all  wishing  to  push  too  far  resemblances  which,  when  we  come  to  know  more, 
may  turn  out  to  be  mere  analogies,  I  must  say  that  the  new  facts  which  I  have  brought 
forward  appear  to  point  somewhat  in  the  same  direction.  The  siluroid  fishes,  in  fact, 
are  especially  characterized  by  the  large  bony  nuchal  plate  which  supports  the  great 
dorsal  spine,  and  is  constantly  anchylosed  to  the  posterior  marc;in  of  tne  skull.  The 
rostrum  of  the  Pteraspis  is  not  without  its  analogue  in  Loricana. 

On  the  other  hand,  that  rostrum  might  be  compared  with  the  prolonged  snout  of 
Acipenser ;  and  the  shield  of  Pteraspis  presents  many  points  of  similarity  with  the 
cephalic  buckler  of  such  fishes  as  Dipterus,  Diplopterus,  and  Osteolepis, 

On  the  Jointed  Structure  of  RockSf  particular fy  as  developed  in  several  places 
in  Ireland,  By  Professor  William  Kino,  F.G.S.y  Queen* s  College^ 
Galway, 

The  author,  adverting  in  the  first  place  to  the  view  which  he^  advanced  at  the  Dub- 
lin Meeting  on  the  so-called  slaty  cleavage  in  its  perfect  state,  that  it  is  the  com- 
bined effect  of  jointing,  and  of  pressure  exerted  more  or  less  perpendicularly  to  its 
planes,  stated,  that  he  had  since  visited  several  localities  in  Mayo,  Galway,  Clare, 
Limerick,  Tipperary,  Kerry,  and  Cork,  and  had  obtained  a  number  of  important  data 
fully  bearing  out  his  view.  His  researches  had  also  afibrded  him  much  insight  into 
jointing — a  divisional  structure  of  more  importance  in  Physical  Greology,  he  thinks, 
than  appears  to  be  generally  understood.  The  author  then  proceeded  to  describe 
jointing  as  it  occurs  in  the  Carboniferous  limestones  of  Galway  and  Clare.  In  these 
counties  there  may  be  made  out  four  distinct  sets  of  joints,  two  of  which,  from  being 
east  or  west  (the  number  of  degrees  varying)  of  compass  north,  he  terms — one,  east 
meridional,  and  the  other,  west  meridional ;  while  the  remaining  two,  which  more  or 
leas  rectangle  the  former,  he  designates — one,  east  equatorial,  and  the  other,  south 
equatorial.  The  east  meridional  set  is  the  strongest  and  most  regular :  it  runs  in 
an  undeviating  course  for  miles  and  miles,  generally  from  N.N.E.  to  S.S.W. ;  plains, 
valleys  and  mountains  being  all  alike  affected  by  it.  In  many  places  it  cuts  the 
limestone  into  plates  from  half  an  inch  to  little  more  than  an  inch  in  thickness;  a 
circumstance,  favouring  the  idea,  that,  under  proper  conditions,  jointing  may  be 
developed  to  the  utmost  possible  extent.  None  of  the  other  three  sets  is  so  well 
developed ;  the  south  equatorial,  which  runs  a  few  degrees  south  of  west,  is  with 
some  difficulty  made  out.  In  consideration  of  the  various  phenomena  which  occurred 
to  him,  he  has  formed  the  conclusion,  that  only  horizontal  or  undisturbed  beds  ex- 
hibit the  original  or  normal  direction  of  the  joints  with  any  certainty ;  and  consider- 
ing that  the  beds  which  have  the  east  meridional  set  running  N.N.£.  and  S.S.W. 
are  horizontal,  he  concludes  that  such  is  the  normal  bearing  of  this  set ;  and  he  fur- 
ther assumes,  that  any  deviation  from  such  direction  has  been  caused  by  disturbances 
of  the  strata.  Entertaining  these  views,  he  applies  them  in  elucidating  and  reconciling 
certain  complicated  and  seeming  discordant  phenomena ;  showing  that  some  highly 
inclined  beds,  striking  east  and  west,  like  the  limestones  of  Cork,  may  have  one  of 
their  sets  of  equatorial  jointing  lying  horizontally ;  while  in  others,  having  only  their 
basset  edges  exposed  on  the  suriace,  the  vertical  and  not  the  horizontal  direction  of 
the  joints  is  exhibited.  Assuming  the  principal  jointing  in  Yorkshire,  Derbyshire, 
Devonshire,  and  other  counties  to  run  generally  from  N.N.W.  to  S.S.E.,  as  stated 
by  Phillips,  Hopkins,  De  la  Beche  and  others,  he  regards  the  west  meridional  as  the 
dominant  set  in  England.  This  difference  in  direction  between  English  and  Irish 
jointing  is  analogous  to  what  occasionally  obtains  in  the  Dingle  peninsula ;  and  a  dif- 
ference still  more  striking  occurs  within  a  space  of  a  few  yards  or  so,  in  a  (Silurian) 
bed  on  the  shore  of  Lough  Mask.  In  connexion  with  the  close  q>proximation  of 
the  joints,  as  rather  frequently  displayed  in  the  Carboniferous  limestone  of  the  West 
of  Ireland,  attention  was  directed  to  that  form  of  divisional  atructore  in  coal,  known 
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AS  cleats  and  which  has  oflen  been  regarded  as  a  sort  of  crystallization ;  the  author, 
however,  from  various  facts  and  reasonings,  is  decidedly  of  opinion  that  it  is  nothing 
but  jointing  in  a  state  of  extreme  development.  Notwithstanding  cleat  being  some- 
times, as  in  pure  coal,  apparently  as  illimitable  as  mineral  cleavage  is  in  caJcite  or 
fluor-spar,  the  author  contends,  that  in  ordinary  coal  it  is  undistinguishable  from 
the  approximate  jointing  of  many  ancient  argillaceous  deposits.  The  paper  con- 
cluded by  some  observations  on  the  so-called  slaty  cleavage  in  the  brown  and  purple 
shales  of  Cork :  Professor  King  considers  it  as  highly  developed  or  cUaUUkt  joint- 
ing, belonging  to  one  of  the  equatorial  sets,  and  having  had  its  planes  forced  into  a 
nearly  vertical  position  by  pressure  exerted  in  a  particular  direction  when  the  beds 
were  thrown  into  their  present  anticlinal  and  synclinal  rolls :  he  considers  that  the 
pressure  was  not  sufficient  to  produce  any  other  structural  modification,  or  in  other 
words,  that  it  was  insufficient  to  bring  the  divisional  planes  in  immediate  contact,  as 
in  true  slate  rocks ;  hence  the  Cork  shales  generally  are  not  illimiiabkf  cleavable,  as 
is  the  case  with  the  former.  

On  the  Geology  of  the  Lake  District,  in  reference  especially  to  the  Meta^ 
morphic  and  Igneous  Rocks,    By  J.  G.  Marshall,  KG.S. 

I  propose  in  the  present  paper  to  confine  my  observations  to  the  Cambrian  and 
older  Silurian  rocks  of  the  Lake  District,  below  the  Coniston  limestone ;  consisting 
of  an  alternating  series  of  igneous  and  sedimentary  strata,  all  of  which  have  been 
more  or  less  acted  upon  by  central  heat. 

I  shall  endeavour  to  show  that  the  phenomena  observed  may  be  best  explained 
by  the  supposition,  that  the  whole  series  of  rocks,  granites  included,  are  metamor- 
phic  sedimentary  strata,  in  situ,  or  in  their  natural  order  of  position  ;  and  that  the 
slaty  rocks  alternating  with  the  porphyries  are  to  be  accounted  for  on  the  supposition 
that  they  are  by  chemical  composition  less  fusible,  less  easily  acted  upon  by  heat, 
than  the  porphyritic  beds,  and  have  therefore  been  only  hardened,  retaining  their 
cleavage  and  stratified  structure,  whilst  the  more  fusible  rocks  have  been  changed 
into  porphyries. 

The  two  oldest  rock  formations  of  the  Lake  District,  the  clay-slate  of  Skiddaw  and 
Saddleback,  and  the  greenstone  slate  of  Helvellyn  and  Scaw  Fell,  have,  as  is  well 
known,  the  usual  north-east  and  south-west  strike  and  south-east  dip  of  the  rocks  of 
the  same  age  in  Wales  and  Scotland.  It  is  evident  also  that  the  district  occupied  by 
them  includes  an  anticlinal  axis,  for  we  find  the  greenstone  slate  on  the  northern 
and  north-west  border  of  the  clay-slate,  as  at  Binsey,  at  the  foot  of  Bassenthwaite, 
dipping  north  or  north-west.  The  first  step  in  describing  the  physical  structure  of 
the  district  will  therefore  be  to  ascertain  the  position  of  this  anticlinal  axis.  I  believe 
that  this  point  has  not  yet  been  completely  or  satisfactorily  made  out,  and  it  was  the 
first  object  of  my  recent  walks  over  this  country  to  gain  some  fresh  light  on  the  sub- 
ject. There  is  perhaps  no  great  geological  interest  attached  to  the  ascertainment  of 
this  point,  considered  as  an  isolated  fact ;  but  considered  in  reference  to  the  inquiry 
into  the  relation  of  the  granites  of  this  district  to  the  sedimentary  rocks,  it  is  of 
some  importance. 

This  inquiry  into  the  correlation  of  granite  and  its  accompanying  metamorphic 
rocks  with  the  sedimentary  strata,  whose  age  is  known  by  their  organic  remains,  has 
only  lately  attracted  much  notice  from  geologists.  The  vast  labour  of  ascertain  ing  the 
true  age  and  order  of  superposition  of  the  whole  range  of  sedimentary  rocks  chiefly  by 
their  organic  remains,  had  to  be  first  accomplished.  Accordingly  we  find  that  Sedg- 
wick, in  his  description  of  this  district,  has  not  entered  into  the  question  at  length 
or  in  detail.  In  his  letters  to  Mr.  Wordsworth,  he  gives  a  section,  which  he  is  careful, 
however,  to  tell  us  is  only  an  ideal  or  explanatory,  not  an  actual  section  of  the  rocks 
of  the  district,  showing  their  order  of  superposition.  Here  the  Skiddaw  granite  is 
placed  at  the  base  of  the  series  of  rocks,  and  in  the  anticlinal  axis  of  the  district. 
This,  though  professedly  only  a  provisional  section,  is  one  remarkable  instance, 
with  innumerable  others,  of  the  very  general  disposition  amongst  geologists,  to 
assume  tacitly  that  the  origin  and  position  of  granite  in  the  order  df  superposition 
of  rocks  is  peculiar, — quite  distinct  from  that  of  all  sedimentary  strata.  Accordingly 
the  granite  apparently  at  the  base  of  the  clay-slate  would  be  assumed  to  be  in  its 
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normal  position,  or  at  any  rate  more  nearly  so  than  the  Eskdale  and  Shap  Fells 
granites  which  appear  amongst  the  higher  beds  of  the  greenstone  slate.  These 
latter,  together  with  the  Ennerdale  syenites,  would  be  assumed  to  be  eruptive, — to 
have  had  their  origin  far  below  their  present  position,  and  to  have  been  forced  up  in 
a  melted  state.  It  has  been  one  principal  object  of  my  recent  examination  of  this 
district,  to  ascertain  whether  the  facts  bear  out  this  prevailing  conception  as  to  the 
origin  and  position  of  granite,  or  not. 

It  is  of  some  importance,  as  one  step  in  this  inquiry,  to  ascertain  whether  or  not 
the  Skiddaw  granite  is  found  in  the  anticlinal  axis  of  the  district. 

At  the  last  Meeting  of  this  Association  at  Dublin,  Prof.  Harkness  read  a  paper  on 
the  geology  of  the  Caldbeck  Fells,  and  gave  a  section  through  Saddleback,  the  Syning- 
Gill  granite,  and  Caldbeck  Fells,  showing  that  the  powerful  greenstone  dyke  or 
dykes  which  run  through  Caldbeck  Fells,  are  the  true  anticlinal  axis  of  this  part  of 
the  district,  and  not  t£e  granite.  Both  Prof.  Phillips  and  the  late  Daniel  Sharpe 
have  given  sections  through  the  whole  range  of  Skiddaw  to  the  foot  of  Bassen- 
thwaite,  showing  a  continued  series  of  beds  of  clay-slate  all  dipping  at  about  an 
angle  of  35^  or  40^  to  the  south-east.  In  ^11  these  particulars  my  own  observations 
agree  with  the  descriptions  previously  given  by  these  observers. 

But  though  there  seems  to  be  no  doubt  that  the  Caldbeck  Fells,  running  nearly 
east  and  west,  and  having  the  greenstone  slate  strata  on  their  northern  bank  plun- 
ging down  at  high  angles  with  a  dip  nearly  north,  but  a  little  to  the  west  of  south, 
is  the  actual  anticlinal  of  tbe  eastern  portion  of  the  Lake  District,  it  cannot  be  con- 
sidered as  the  normal  anticlinal  even  of  this  portion  of  the  district;  for  the  dip  of  the 
strata  of  Skiddaw  and  Saddleback  is  uniformly  to  tbe  south-east,  agreeing  with  the 
general  dip  and  strike  of  the  whole  district,  and  not  with  the  strike  of  Caldbeck  Fells. 
Hence  we  must  conclude  that  the  fracture  of  the  strata  and  igneous  outburst  of 
greenstone  dykes  which  accompanied  the  elevation  of  Caldbeck  Fells,  was  of  later 
dale  than  the  original  elevation  of  the  rocks  of  this  district  and  the  formation  of  the 
anticlinal,  which  must  have  accompanied  that  elevation. 

We  must  look  then  for  the  original  or  normal  anticlinal  in  the  western  part  of  the 
district.  The  dip  of  the  clay-slate  in  Whinlatter  and  Wythop  Fells  is  south-east 
nearly  as  far  as  the  foot  of  Bassenthwaite.  Here  the  beds  of  clay-slate  may  be  seen 
thrown  into  arches  and  much  contracted ;  and  in  Sale  Fell  indications  of  a  reversal 
of  dip  to  the  north-west  begin  to  appear.  But  the  strata  at  this  point  are  much  con- 
fused by  the  intrusion  of  greenstone  dykes  and  the  proximity  of  the  line  of  the 
Caldbeck  fault,  which  runs  westward  to  a  point  near  Cockermouth,  crossing  the  line 
of  the  original  anticlinal. 

The  clay- slate  in  the  mountains  about  Crummock  Water  and  to  the  east  of  the  Vale 
of  Lorton,  have  all  the  south-easterly  dip.  But  in  the  range  of  hills  to  the  west  of  the 
Vale  of  Lorton  I  found  a  decided  and  regular  anticlinal  or  reversal  of  dip,  which  may 
be  seen  distinctly  on  the  northern  shore  of  Loweswater  and  in  Revelin  on  the  southern 
shore  of  Ennerdale  Water:  in  both  cases  the  dip  is  W.N.W.,  about  10°  or  15°. 
We  may  consider  a  line  drawn  from  near  the  foot  of  Bassenthwaite  through  Lowes- 
water  and  the  foot  of  Ennerdale  Water,  as  the  original  or  true  anticlinal  of  the  Lake 
District,  and  that  the  upheaval  along  the  line  of  Caldbeck  Fells  which  completes  the 
north-western  boundary  is  of  subsequent  date.  The  angle  formed  by  the  Caldbeck 
fault  with  the  Ennerdale  and  Loweswater  anticlinal,  is  the  first  indication  of  the 
action  of  diose  forces,  which  by  their  complicated  action  have  so  dislocated  the  strata 
of  the  Lake  District.  If  we  look  to  its  south-eastern  border,  which  is  so  distinctly 
marked  by  the  Coniston  limestone,  we  shall  see  that  the  line  from  the  head  of  Win- 
dermere to  Shap  Fells  granite  is  nearly  parallel  to  the  Caldbeck  Fells  fault,  and 
makes  a  considerable  angle  with  the  direction  of  the  western  part  of  the  southern 
boundary,  showing  that  the  strike  of  the  whole  of  the  beds  in  the  eastern  part  of  the 
district  has  been  twisted  out  of  its  original  direction.  I  shall  have  occasion  to  revert 
to  this  fact  when  I  am  endeavouring  to  trace  the  nature  and  direction  of  the 
elevating  forces  which  have  raised  up  the  strata. 

I  now  proceed  to  describe  what  appeared  to  me  to  be  the  relative  position  of  the 
granite  to  the  Overlying  slate  rocks  at  the  three  points  where  it  is  seen  in  the  Lake 
country. 

The  appearance  of  the  grey  granite  of  Skiddaw  at  Syning  Gill  in  the  valley  of  the 
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Calder,  between  Saddleback  and  the  Caldbeck  Fells,  and  the  gradoal  transition  in 
the  beds  above  it  from  glossy  day-slate  to  chiastoUte  slate,  hornblende  slate  and 
gneiss  immediately  in  contact  with  the  granite,  have  been  so  often  and  so  well 
described,  that  I  must  not  repeat  what  is  idready  known.  What  was  material  to 
my  present  purpose  to  observe  was,  that  the  granite  seemed  to  me  to  comport  itself 
in  all  respects  as  if  it  were  simply  another  term  in  the  series  of  metamorphic 
changes  following  the  gneiss. 

The  general  dip  of  the  beds  of  clay-slate  in  Skiddaw  and  to  the  westward  is  about 
40°  to  the  south-east.  In  the  northern  flank  of  Saddleback,  and  near  the  point 
where  the  granite  appears,  this  dip  has  increased  to  6QP ;  in  the  bed  of  the  Calder,  at 
the  foot  of  Caldbeck  Fells,  I  observed  it  about  80° ;  and  in  the  hills  above  it  seems 
to  have  become  nearly  vertical  where  any  dip  or  stratification  can  be  made  out. 
The  point  in  Syning  Gill,  on  the  northern  slope  of  Saddleback  where  the  granite 
appears,  is  very  little  above  the  level  of  the  bottom  of  the  valley.  The  granite  occu- 
pies the  bottom  of  the  valley,  and  rises  up  the  southern  slope  of  the  Caldbeck  Fells 
to  a  considerably  higher  elevation  than  that  of  Syning  Gill, — ^perhaps  200  or  300 
feet  above  the  valley. 

The  upper  boundary  of  the  granite  is  therefore  a  line  dipping  to  the  south-east, 
but  at  a  lower  angle  than  that  of  the  beds  of  clay-slate,  and  cutting  obliquely  across 
them.  If  we  suppose  the  clay-slate  to  have  had  originally  the  general  dip  of  4CP 
before  the  elevation  of  the  Caldbeck  Fells  fault  tilted  them  up  to  a  higher  angle,  then 
the  upper  boundary  of  the  granite  would  have  been  nearly  horizontal,  representing 
the  isothermal  line  of  igneous  fusion ;  and  we  should  have  the  beds  of  clay-slate 
dipping  towards  and  into  this  line,  and  converted  into  granite  as  they  passed  below 
it*.  No  veins  of  any  importance  have  been  observed  penetrating  from  the  granite 
into  the  rocks  above,  nor  did  I  see  any  other  indication  of  this  granite  having  been 
eruptive  or  intrusive,  or  having  in  any  way  disturbed  the  overlying  strata. 

The  Skiddaw  granite  is  found,  as  we  have  seen,  amongst  the  middle  or  lower  beds 
of  the  clay-sIate  formation.  We  next  find  granite  amongst  the  lower  beds  of  the 
greenstone  slate  formation  in  Eskdale  and  Miterdale ;  and  this  is  by  much  the  most 
extensive  granitic  region. 

In  order  to  explain  the  position  of  this  Eskdale  granite,  I  must  first  describe  the 
remarkable  geological  position  of  Black  Comb  and  the  range  of  hills  forming  the 
eastern  boundary  of  Eskdale.  Black  Comb  is  a  huge  isolated  mass  of  clay-slate 
2000  feet  thick,  heaved  up  amongst  the  highest  of  the  greenstone  slate  series  of 
rocks,  having  the  Cooiston  limestone  immediately  upon  its  south-eastern  flank. 
What  is  the  relation  of  the  clay-slate  to  the  greenstone  slate  beds  ?  Is  it  cut  off 
on  all  sides  abruptly  by  great  faults ;  or  have  the  neighbouring  greenstone  beds 
been  raised  along  with  it,  and  do  thfey  rest  conformably  upon  it  ?  What  is  the 
relation  of  the  clay-slate  to  the  granite  ?  Is  there  any  evidence  that  the  granite 
either  underlies  the  clay-slate  or  else  is  distinctly  eruptive  ? 

It  was  my  object,  in  a  recent  examination  of  the  Black  Comb  range,  to  find  an 
answer  to  these  questions.  I  found  the  central  mass  of  Black  Comb  dipping  nearly  due 
north  about  20°.  On  the  western  and  eastern  flanks  of  the  mountain  the  dip  becomes 
north-west  and  north-east  respectively.  I  found  the  same  dip  in  direction  and  amount 
in  the  whole  of  the  ridge  of  greenstone  slate  running  continuous  with  Black  Comb, 
as  far  at  least  as  Devock  Water,  to  which  point  I  more  particularly  observed  it 
These  greenstone  slate  beds  seemed  to  me  to  be  clearly  the  lower  coarse  conglomerate 
slates  and  porphyries  of  that  formation.  The  actual  junction  of  these  rocks  with  the 
clay-slate  is  generally  covered  up ;  but  the  clay-slate  and  coarse  greenstone  slate 
may  be  seen  in  the  course  of  a  stream  crossing  the  road  from  Bootle  over  Stoneside 
Fell,  within  20  yards  of  each  other  and  clearly  quite  conformable  in  dip,  and  the 
character  of  each  rock  as  perfectly  distinct  as  if  they  had  been  found  miles  apart  I 
found  these  lower  greenstone  slate  beds  completely  wrapping  round  the  north- 
western border  of  the  clay-slate  as  far  as  Bootle,  as  shown  in  Sedgwick's  map. 
These  rocks  dip  north-west  or  towards  the  granite,  and  distinctly  separate  it  from  Ae 

*  If  this  line  is  continued  undemeatb  Saddleback  southwards,  it  will  very  nearly  Indicate 
the  position  of  the  syenite  at  the  foot  of  St  John's  Vale,  an  igneous  rock  appearing  amongst 
the  higher  beds  of  the  clay-slate. 
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clay-slate.  On  the  eastern  flank  of  Black  Comb  I  found  the  same  beds  of  coarse 
greenstone  slate  wrapping  round  the  clay-slate>  and  separated  from  the  upper  beds 
of  finer  roofing-slate  by  a  line  of  fault  running  north  and  south,  and  nearly  following 
a  road  running  from  Beck  Bank  on  to  Stoneside  Fell.  On  the  south-western  border 
of  Black  Comb  the  new  red  sandstone  comes  up  to  the  clay-slate. 

It  appears  then,  if  my  observations  are  correct,  that  the  Black  Comb  range  on  the 
east  of  fiskdale  consists  of  an  axb  of  elevation  running  north  and  south,  and  which 
has  elevated  both  the  clay-slate  and  the  lower  beds  of  the  greenstone  slate  in  con- 
formable position ;  and  that  the  latter  have  a  north-westerly  dip  towards  the  granite 
in  the  lower  part  of  the  valley.  As  we  have  the  same  lower  beds  of  the  greenstone 
slate  in  the  range  of  the  Screes  on  the  south-east  of  Wast  Water  dipping  towards  the 
south-east,  there  seems  good  evidence  to  conclude  thatEskdale  anaMiterdale,  taken 
together,  may  be  considered  as  a  broad  synclinal  valley  subdivided  by  subordinate 
anticlinal  ridges.  We  must  then  consider  this  as  a  great  valley  of  denudation, 
exposing  the  granite  in  its  lower  parts,  and  Scaw  Fell  and  the  other  lofty  mountains 
at  its  head,  consbting  of  the  setting  on  of  the  higher  beds  of  the  great  greenstone 
slate  formation. 

It  remains  to  be  ascertained  whether  the  granite  b  eruptive  and  intrusive,  or  meta- 
morphic,  in  the  latter  case  consbting  of  the  lower  beds  of  the  greenstone  slate,  which 
lying  at  the  bottom  of  a  trough,  have  been  more  exposed  than  the  neighbouring 
strata  to  the  central  heat,  and  also  have  been  more  deeply  covered  up. 

I  think  all  the  direct  evidence  on  the  spot  b  strongly  in  favour  of  the  latter  sup- 
position. Sedgwick,  who  examined  this  dbtrict  with  great  care  many  jrears  ago, 
stiites  that  the  granite  is  everywhere  bordered  by  a  belt  of  transition  metamorphic 
rocks,  by  which  it  appears  to  graduate  into  the  greenstone  slate. 

These  transition  beds  between  the  greenstone  slate  and  granite  may  be  well 
observed  in  the  course  of  the  stream  running  from  Devock  Water  into  the  £sk,  and 
also  under  the  Screes  at  the  foot  of  Wast  Water. 

The  unaltered  rocks  in  the  hilb  about  Devock  Water  consist  of  a  blubh  grey 
felstoue  porphyry,  with  small  crystals  of  quartz  or  hornblende.  The  first  change 
on  approaching  the  granite  b  that  thb  rock  loses  its  porphyritic  character,  and  be- 
comes a  very  dark,  almost  black  compact  greenstone.  The  next  change  is  to  a  soft 
crumbling  rock,  with  an  entire  change  of  colour  to  various  shades  of  red,  yellow,  or 
pinkish  grey  ;  after  thb,  finally,  a  transition  through  several  varieties  of  quartzoze 
and  crystalline  rock  to  compact  crystalline  granite.  In  the  Eskdale  granite  the  mica 
b  very  commonly  wanting  or  replaced  by  hornblende. 

The  thickness  of  these  transition  beds  is  various.  Under  the  Screes  they  did  not 
seem  to  me  to  occupy  more  than  60  or  80  feet ;  but  near  Devock  Water  between 
200  and  300  feet. 

An  important  point  to  be  observed  here  b,  whether  the  upper  limit  of  the  granite 
b  on  the  whole  conformable  to  the  dip  of  the  greenstone  strata  above  it.  The  whole 
of  the  Screes  is  so  hardened  by  heat  and  so  shattered,  that  it  b  difficult  to  ascertain 
the  dip  of  small  portions,  though  the  whole  mass  evidently  has  an  easterly  dip.  The 
line  of  soft  metamorphic  rocks  marking  the  upper  limit  of  the  granite  b  seen  near 
the  foot  of  Wast  Water,  apparently  running  quite  conformably  under  the  beds  of 
greenstone  slate  of  Screes.  The  position  of  Uie  granite  near  Bummoor  Tarn,  at  the 
foot  of  Scaw  Fell,  is  also  quite  analogous  to  that  at  Devock  Water. 

I  think  I  may  be  justified  in  saying  that  the  direct  evidence  to  be  obtained  on  the 
spot,  in  the  case  boUi  of  the  Skiddaw  and  of  the  Eskdale  granite,  is  in  favour  of  their 
metamorphic  character.  It  will  make  my  argument  more  clear  and  intelligible,  if  I 
proceed  to  notice  in  the  same  manner  the  direct  evidence  to  be  obtained  by  observa- 
tion upon  the  spot,  as  it  appeared  to  me  at  the  time,  in  the  case  of  the  other  igneous 
rocks  of  the  dbtrict,  the  syenite  of  Ennerdale,  and  the  granite  of  Shap  FeUs,  before 
I  inquire  what  objections  may  be  raised  to  this  hypothesb,  and  what  may  be  alleged 
fbr  or  against  the  contrary  hypothesb,  that  these  igneous  rocks  are  not  metamorphic, 
but  eruptive  and  intrusive. 

The  syenite  of  Ennerdale  occupies  an  intermediate  position,  as  b  seen  upon  the 
map,  between  the  clay-slate  and  the  greenstone  slate.  Is  it  an  intrusive  eruptive 
rock,  or  b  it  metamorphic,  consisting  of  some  of  the  upper  beds  of  the  clay-slate 
changed  into  tyeaite? 
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I  foUowed  its  boundary  from  Seatoller  under  the  mountain  Hay  Cock,  Steeple,  and 
Pillar,  to  Hie  point  where  it  crosses  the  Liza  river  in  Ennerdale. 

The  greenstone  beds  here  consist  of  the  coarse  conglomerate  slate  similar  to  those 
resting  on  the  flanks  of  Black  Comb:  the  general  dip  is  to  the  south-east.  There  is 
a  similar  border  of  transition  rocks  between  the  clay-slate  and  the  syenite,  to  that 
between  the  same  rock  and  the  granite,  a  nearly  black  greenstone  and  beds  of  softened 
rock,  but  they  are  less  regular  and  less  considerable.  I  followed  the  upper  limit  of 
the  syenite  as  it  descends  the  southern  side  of  Ennerdale  under  Pillar,  and  it  seemed 
to  me  to  be  on  the  whole  conformable  to  the  beds  of  greenstone  slate  resting  upon 
it :  so  also  on  the  northern  side  of  the  valley,  the  syenite  is  seen  ranging  under  the 
greenstone  slate  of  High  Stile.  About  half-way  down  Ennerdale  Water  the  clay- 
slate  appears  with  a  south-east  dip  underlying  the  syenite.  In  the  western  flank  of 
Revelin,  the  mountain  on  the  southern  bank  at  the  foot  of  the  lake,  the  dip  of  the 
strata  is  distinctly  W.N.W.  at  an  angle  of  about  10^,  whilst  the  dip  on  the  eastern 
flank  of  the  same  hill  near  the  syenite  is  south-east ;  thus  the  principal  anticlinal  of 
the  district  is  shown  to  pass  through  the  middle  of  Revelin.  I  found  the  W.N.W. 
dip  also  at  a  corresponding  point  on  the  south  side  of  the  lake,  in  a  gill  at  Crosslands. 
The  strata  on  the  northern  side  of  Ennerdale,  between  Floutam  Tarn  and  Red  Pike, 
are  much  broken  up  and  confused  by  faults  and  entanglements  of  masses  of  the  clay- 
slate  in  the  syenite,  as  described  by  Sedgwick. 

On  the  whole,  the  direct  evidence  to  be  obtained  on  the  spot  seemed  to  me  to  be 
in  favour  of  the  supposition  that  the  syenite  is  metamorphic,  consisting  of  the  upper 
bed  of  the  clay-slate.  I  may  mention,  as  confirming  this  opinion,  that  the  transition 
beds  of  syenite  in  Ennerdale  contain  the  same  crystals  of  Chiastolite,  which  are  such 
a  distinguishing  mark  of  the  transition  beds  immediately  above  the  Skiddaw  granite. 
In  support  of  this  hypothesis,  I  may  observe  that  syenite  in  mass  is  found  near 
Keswick  in  St.  John's  Vale,  in  a  position  exactly  similar  to  that  of  Ennerdale ;  that 
b,  immediately  under  the  lowest  beds  of  the  greenstone  slate.  If  this  hypothesis  is 
correct,  the  syenite  must  lie  below  the  Eskdale  granite,  which  I  suppose  to  consist  of 
the  lower  beds  of  the  greenstone  slate ;  and  the  position  of  the  mass  of  syenite  on 
the  northern  bank  of  Wast  Water  is  quite  consistent  with  that  supposition,  as  the 
general  dip  of  the  strata  is  to  the  south-east. 

The  only  remaining  area  of  igneous  rock  which  I  have  to  notice  is  that  of  the 
Shap  Fell  granite.  This  granite  is  very  limited  in  extent,  though  very  decidedly 
marked  in  character,  and  so  well  known  by  its  boulders  scattered  far  and  wide  by 
the  northern  drift.  It  constitutes  the  end  of  a  range  of  rough  porphyritic  roclc 
which  immediately  underlies  the  Coniston  limestone  through  its  entire  course, 
and  which  here  passes  under  the  mountain  limestone  belt  which  encircles  the  Lake 
mountains  on  their  eastern  border.  All  the  neighbouring  rocks  are  much  indurated 
and  altered  by  heat.  In  approaching  the  granite  from  the  west,  the  Coniston  lime- 
stone is  lost,  and  the  flagstone  above  it  much  altered  for  some  miles  in  extent.  The 
granite  has  evidently  been  in  a  highly  fluid  state,  and  has  extensively  penetrated  the 
adjoining  slate  rocks  in  ramifying  veins.  But  I  saw  no  evidence  of  any  great  faults 
or  other  disturbance  of  the  natural  order  of  the  strata ;  and  in  the  absence  of  this 
evidence,  the  only  conclusion  I  could  arrive  at  was,  that  this  granite  also  is  meta- 
morphic, consisting  of  the  highest  bed  of  the  greenstone  slate,  viz.  the  rough  por- 
phyry immediately  underlying  the  Coniston  lime. 

I  have  now  completed  the  direct  evidence  to  be  obtained  on  the  spot  as  to  the 
relative  position  of  the  granites  and  slate  rocks,  and  I  must  proceed  to  notice  the 
difliculties  and  objections  which  may  be  made  to  the  metamorphic  hypothesis.  How 
can  we  account  for  this  metamorphic  action  of  the  central  heat  having  been  produced 
at  such  very  different  depths  in  the  series  of  strata,  from  the  lower  beds  of  the 
Skiddaw  slate  to  the  highest  of  the  greenstone  series } 

I  think  this  may  be  explained  on  the  simple  supposition  that  the  strata  were 
already  inclined  before  the  metamorphic  change  took  place.  We  must  take  into 
account  also  the  much  greater  denudation  of  superincumbent  strata  which  we  know 
takes  place  in  some  localities,  than  is  observed  in  others.  Combining  these  two  pos- 
tulates, I  think  we  may  arrive  at  a  fair  solution  of  the  difllculty.  If  we  look  at  the 
map,  we  see  that  the  Shap  Fells  granite  occurs  at  the  south-east  comer  of  the  di- 
strict, just  where  the  dip  of  the  strata  would  carry  the  upper  beds  down  the  deepest^ 
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and  where  they  would  be  most  thickly  covered  by  fiuperiDcambent  strata,  Hnce  de- 
nuded. The  Eskdale  granite  is  next  in  order,  then  the  syenite,  and  lastly  the  Skid- 
daw  granite.    We  may  fairly  suppose  the  inclmation  of  the  strata  to  have  been  such, 

that  all  these  points  may  have  been  buried  to 
the  same  depth,  and  equally  reached  the  line 
of  igneous  fusion.  I  have  endeavoured  to  illus- 
trate this  by  a  section. 

Another  objection  may,  however,  be  taken. 
It  may  be  said,  "Why  is  not  the  belt  of  syenite, 
represented  to  be  the  upper  beds  of  clay- slate, 
become  metamorphic,  continuous  along  the 
whole  border  of  the  clay-slate,  instead  of  only 
appearing  at  Ennerdale  and  at  St.  John's  Vale, 
near  Keswick  ?*' 

I  think  this  difficulty  may  be  fairly  met  by 
the  supposition  that  a  cross  line  of  elevation, 
running  along  the  high  range  of  mountains  be- 
tween Crummock  and  Keswick  lakes,  may  have 
existed  brfore  the  metamorphic  action  took 
place,  and  thus  the  intervening  rocks  may  have 
been  raised  above  the  lines  of  igneous  fusion. 
In  the  same  way  we  may,  I  think,  fairly  sup- 
pose that  the  Black  Comb  axis  of  elevation 
may  have  existed  brfore  the  metamorphic 
action  which  produced  the  Eskdale  granite. 
Again,  it  may  be  objected  that  the  fragments 
\  i^rNtl^  ^^^  masses  of  slate  rocks  entangled  within  the 
*'\  lOUl  ^— ^  adjacent  igneous  rocks,  as  in  the  case  of  the 
ili  ^^'t  ^  ^9^^  clay-slate  and  syenite  in  Ennerdale,  so  graphi- 
cally described  by  Sedgwick,  is  a  proof  of  the 
violent  intrusion  or  eruptive  character  of  the 
syenite.  But  if  it  can  be  shown,  as  I  shall 
endeavour  to  do  afterwards,  that  the  fractures 
and  upheavals  of  the  strata  are  due  to  general 
causes  quite  distinct  from  and  independent  of 
the  presence  of  igneous  rocks,  then  this  entan- 
glement of  fragments  simply  proves  the  igne- 
ous rock  to  have  been  fluid,  and  is  no  argument 
against  its  metamorphic  character. 

I  will  now  proceed  to  notice  some  of  the 
objections  which  may  be  made  to  the  opposite 
hypothesis  to  that  I  nave  been  advocating,  viz. 
the  supposition  that  these  granites  are  eruptive 
and  intrusive,  not  metamorphic. 

I  exclude,  of  course,  the  supposition  that 
these  different  granitic  areas  can  be  portions  of 
a  granitic  base  common  to  all  the  stratified 
rocks  and  irregularly  exposed  by  denudation 
only;  for  in  that  case  we  should  have  the 
whole  thickness  of  the  clay-slate  interposed 
between  the  Eskdale  granite  and  the  greenstone 
slate,  whereas  not  a  particle  is  to  be  seen. 

If  the  granite  has  been  erupted  in  a  fluid 
state,  it  is  difficult  to  imagine  how  it  could 
occupy  such  broad  spaces  as  in  Eskdale,  except 
by  flowing  over  the  adjacent  strata.  I  think 
all  the  evidence  of  observation  on  the  spot  con- 
tradicts this  supposition. 

If  the  granite,  on  the  other  hand,  were  brought  up  in  a  solid  state  in  mass,  then 
it  must  be  bounded  by  faults.    I  think  no  geobgist  can  look  at  the  sinuous  irregular 
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oatline  of  these  granitic  areas,  and  suppose  for  a  moment  that  these  boondaries  are 
great  faults  lifting  up  the  strata  some  6000  or  10,000  feet. 

Again,  if  these  granites  and  syenites  were  all  eruptive  from  some  unknown  depth 
common  to  all  of  them,  it  would  be  diMcult  to  account  for  the  distinct  and  separate 
type  or  character  which  each  possesses. 

I  venture  to  come  to  the  general  conclusion,  therefore,  that  both  positive  and 
negative  evidence  favours  the  hypothesis,  that  the  whole  phenomena  of  the  granitic 
and  igneous  rocks  of  the  Lake  District  are  a  grand  and  very  interesting  exhibition 
pf  metamorphic  action  on  a  large  scale.  I  feel  that  there  is  still  a  difficulty  remain- 
ing which  will  occur  to  most  of  us.  We  have  been  accustomed  to  look  to  the  violent 
eruption  of  those  igneous  masses  as  the  cause  of  the  upheaval,  fractures,  faults,  and 
contortions  of  these  mountain  regions.  Take  away  this  cause,  and  what  adequate 
causes  have  we  left  to  which  such  effects  can  be  attributed  ? 

This  inquiry  would  lead  me  to  enter  upon  a  subject  of  very  high  interest,  but  so 
wide  and  large  in  its  bearings,  that  I  feel  it  almost  presumptuous  in  me  to  deal  with 
it  at  all  in  such  a  presence  as  that  I  see  round  me.  I  may  venture  to  give  a  mere 
outline  of  what  has  occurred  to  my  own  mind,  which  may  serve  as  a  starting-point 
to  those  much  more  competent  than  I  am  to  treat  of  such  a  subject,  and  may  at  least 
dfford  some  suggestions  Uiat  may  be  worked  out. 

Since  the  time  when  Hutton  and  Playfair,  Cuvier  and  Smith  re-formed  and  re- 
founded,  as  it  were,  the  theory  of  geology,  the  exertions  of  geologists  have  been 
chiefly  directed  to  the  completion  of  the  vast  labour  of  making  out  the  stratigraphic 
order  of  position,  and  the  accompanying  series  of  organic  remains  of  the  whole  stra- 
tified crust  of  the  earth.  It  is  only  from  time  to  time,  and  more  especially  of  late 
years,  and  by  no  ooe  more  than  by  our  present  President,  that  the  study  of  the 
Dynamics  of  Geology  has  occupied  much  attention. 

It  would  seem  that  the  progress  of  geology  must  shortly  bring  these  questions 
much  more  prominently  forward.  The  point  to  which  I  wish  at  present  to  draw 
attention,  is  the  expansion  and  working  out  of  some  very  remarkable  and  important 
suggestions  first  made  by  Babbage  in  1834,  and  illustrated  by  Sir  John  Herschel  in 
a  letter  to  Sir  C.  Lyell,  in  1836,  on  the  causes  which  may  have  produced  the  eleva- 
tion or  submergence  of  continents.  I  must  refer  to  the  letter  itself  for  a  complete 
exposition  of  Sir  J.  Herschel's  view;  I  can  only  now  quote  sUch  portions  as  are 
immediately  necessary  to  my  argument. 

The  results  arrived  at  appear  to  be :  — 

1.  The  transference  of  solid  matter  by  abrasion  from  continents,  and  its  deposit 
at  the  bottoms  of  oceans,  disturb  the  equilibrium  both  of  heat  and  pressure.  The 
isothermal  lines  of  internal  heat  will  rise  under  the  bottom  of  the  ocean  and  fall 
under  the  continent ;  the  strata  under  the  ocean  will  be  heated  and  thereby  expanded, 
and  thus  the  bottom  will  be  raised.  Again,  the  whole  crust  of  the  earth  being  sup- 
posed to  be  floating  upon  a  fluid  ocean  of  melted  rock,  the  increase  of  weight  in 
some  parts  and  diminution  in  others  will  tend  to  crack  or  break  the  crust  in  its 
weakest  parts. 

2.  These  cracks  or  fractures,  produced  by  general  and  constantly  acting  causes, 
will  give  rise  to  volcanic  vents  and  earthquakes.  Thus  volcanic  phenomena  become 
of  secondary  importance ;  they  are  not  the  causes  of  the  elevation  of  continents  and 
mountain  chains,  but  the  coTisequence  of  such  movements  produced  by  far  more 
general  and  constantly  acting  forces. 

I  may  remark,  that  in  all  these  speculations  on  the  effects  which  the  expansion  of 
strata  caused  by  the  incursion  of  heat  from  below  will  produce,  the  expansion  in  a 
vertical  direction  alone  has  been  adverted  to. 

But  I  think  it  is  evident  that  the  expansion  which  will  take  place  in  the  bottom  of 
an  ocean  1000  or  2000  miles  wide,  will  be  very  much  greater  in  a  horizontal  or  late- 
ral direction  than  vertically,  in  the  proportion  which  a  length  of  1000  miles  bears  to 
the  thickness  of  20  or  30  miles. 

The  enormous  lateral  thrusts  which  will  be  thus  produced,  seem  to  me  to  consti- 
tute an  adequate  dynamic  force  for  producing  those  vast  wave-like  wrinkles  and  con- 
volutions and  tilting  up  and  even  inversion  of  strata  which  we  see  in  mountain 
chains  :  for  on  the  supposition  that  the  bottom  of  the  sea,  subject  to  tension  by  ex^ 
pansion  from  heat,  would  give  way  at  the  weakest  points,  we  are  enabled  to  expiaim 
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why  the&e  contortions  of  the  strata  should  be  accamnlated  on  particular  lines,  and 
not  generally  distributed.  They  occur  where  the  crust  of  the  earth  happens  to  have 
been  weakest ;  and  thus  the  whole  effects  of  the  expansion  of  1000  miles  of  strata 
may  be  found  within  the  compass  of  100  or  of  10  miles.  If,  then,  we  regard  moun- 
tain chains  generally  as  the  convoluted  and  upturned  edges  of  strata  produced  by 
enormous  lateral  pressure,  I  venture  to  think  we  shall  approach  much  nearer  to  a  true 
conception  of  the  causes  which  have  been  at  work,  than  in  attributing  such  elevatory 
movement  to  perfectly  vague  and  arbitrary  volcanic  forces.  Another  and  a  distinct 
cause  has  also  been  assigned  for  lateral  pressure,  which  should  throw  the  crust  of  the 
earth  into  wave-like  elevations  and  depressions ;  viz.  the  contraction  of  the  internal 
nucleus  by  cooling.  The  effects  of  the  two  causes  would  be  similar,  but  the  former 
would  appear,  I  think,  to  be  the  more  energetic  and  important. 

1  think  the  application  of  the  principle,  that  the  elevatory  forces  which  raise  moun- 
tain chains  are  to  be  looked  for  in  lateral  thrusts,  will  assist  in  forming  a  true  con- 
ception of  the  forces  which  have  dislocated  the  Lake  District.  Mr.  Hopkins,  our 
S resent  President,  has  shown  how  the  conformation  of  this  district,  the  tendency  in 
ie  valleys  to  converge  towards  a  central  point,  may  be  in  great  part  accounted  for 
by  the  supposition  that  an  elevatory  force  has  acted  on  a  line  running  nearly  east 
and  west  from  Shap  Fells,  through  Helvellyn  and  Scaw  Fell.  The  result  would  be 
a  series  of  cracks  or  faults  in  the  directions  in  which  the  valleys  now  run.  This 
supposition  I  think  accounts  for  a  part  of  the  phenomena,  but  not  for  the  whole 
of  them.  A  simple  vertical  force  acting  on  the  line  supposed  would  neither  account, 
I  think,  for  the  contortions  of  the  strata  in  Shap  Fells  showing  lateral  pressure,  for 
instance,  nor  for  the  fact  that  in  all  the  valleys  on  the  south  of  the  line,  the  eastern 
side  of  the  fault  should  be  elevated,  the  western  depressed.  But  if  we  observe  that 
6hap  Fells,  the  point  where  this  line  of  elevation  commences,  is  in  the  comer  where 
the  two  great  lines  of  the  Pennine  and  Cross  Fell  faults  meet  at  an  angle,  and  sup- 
pose the  elevatory  force  along  this  line  to  be  the  resultant  of  two  latercd  thrusts 
at  right  angles  to  these  two  great  faults,  I  think  we  shall  approach  a  true  solution 
of  the  phenomena  observed. 

I  cannot  on  the  present  occasion  do  more  than  dip  into  this  most  interesting  and 
important  department  of  D3rnamic  Geology ;  but  I  may  perhaps  have  said  enough 
to  give  a  consistent  meaning  to  my  description  of  the  geology  of  this  portion  of  the 
Lake  District. 

It  only  remains  for  me  to  give  some  reasons  for  the  supposition  that  the  beds  of 
]K>rphyry  interstratified  in  the  greenstone  slate  series  have  been  originally  aqaeous 
deposits  changed  into  porphyry  by  metamorphic  heat,  combined  with  pressure,  and 
the  presence  of  water.  It  has  been  remarked  long  ago  by  Sedgwick,  that  the  slaty 
and  porphyritic  beds  of  the  greenstone  slate  formation  are  not  separated  or  distin- 
guishable from  each  other  by  any  constant  or  clear  characteristics.  They  run  into 
each  other  almost  indefinitely,  both  in  passing  across  the  strata  from  one  bed  to  the 
next,  and  even  in  following  the  same  bed  along  its  line  of  bearing.  This  is  some- 
times shown  in  a  striking  manner  in  the  weathered  surfaces  of  the  rocks.  These  sur- 
faces may  show  externally  all  the  marks  of  a  stratified  bed,  the  bedding,  the  joints, 
the  cleavage,  marked  even  by  light- coloured  stripes,  and  yet  the  first  stroke  of  the 
hammer  dispels  the  illusion;  the  rock  is  found  to  be  a  compact  porphyry,  which  will 
not  split  according  to  the  seeming  external  lines  either  of  cleavage  or  joints.  If  any 
rocks  are  metamorphic,  then  these  porphyritic  beds  have,  I  think,  every  external  mark 
of  being  so. 

I  may  here  quote  the  words  used  by  Sedgwick  in  his  last  work  on  Palaeozoic 
Rocks.  Speaking  of  the  Cambrian  greenstone  slate  formation,  he  says,  "  The  mo- 
difications of  the  slate  are  first  described,  and  it  is  shown  that  they  pass  on  one 
hand  into  compact  felspathic  slate,  sometimes  porphyritic ;  on  the  other  into  coarse 
granular  and  concretionary  slaty  masses,  and  through  them  into  breccias  or  pseudo- 
breccias  ;  all  these  chanfrt^s  being  effected  without  any  change  of  strike  or  dip.  In 
like  manner  it  is  shown  that  the  amorphous,  and  even  semicolumnar  prismatic  por- 
phyries, are  not  only  arranged  in  directions  parallel  to  the  tabular  masses  of  green 
roofing-slate,  but  pass  themselves  into  a  slaty  texture  with  a  strike  and  dip  parallel 
to  those  of  the  true  roofing-slates.  From  these  facts,  as  well  as  from  the  negative 
facts,  that  the  porphyries  never  penetrate  the  roofing-slates  in  the  form  of  dykes,  and 
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produce  no  mineral  change  in  the  beds  of  limestone  resting  on  them,  it  is  inferred 
that  the  whole  oroup  is  one  formation,  which  has  originated  in  the  simultaneous  action 
of  aqueous  and  igneous  causes  long  continued^'*  Again,  he  maintains,  "that  many 
rocks,  which  now  have  a  perfect  porphyritic  structure,  were  so  far  aqueous  deposits, 
that  they  had  been  spread  out  into  beds  by  the  action  of  the  sea,  and  that  their  actual 
structure  (though  certainly  metaroorphic)  was  not  the  effect  of  torrefaction  or  of 
heat  emanating  from  any  eruptive  or  igneous  centre.  On  the  contrary,  that  the  na- 
tural temperature  at  great  depths,  combined  with  great  pressure  long  continued,  was 
a  cause  quite  sufficient  to  explain  the  phenomena  of  the  old  stratified  plutonic  rocks," 

The  only  important  modification  which  I  venture  to  propose  in  this  statement  is, 
that  we  must  distinguish  between  the  aqueous  causes  really  simultaneous  witli  the 
igneous ;  viz.  the  water  or  steam  present  in  the  rock  when  undergoing  metamorphic 
changes  at  great  depths  by  heat  and  pressure,  and  from  the  aqueous  causes  acting 
long  before,  when  these  beds  were  deposited  as  true  rudimentary  strata  at  the  bot- 
tom of  the  ocean. 

If  the  positive  evidence,  then,  is  strong  in  favoui  of  these  rocks  being  metamorphic, 
I  think  the  negative  evidence  is  not  less  so.  In  regions  where  igneous  rocks  abound 
which  are  clearly  eruptive,  we  have  many  characteristic  marks  of  their  origin. 
They  have  a  distinct  mineral  character  and  structure ;  they  do  not  graduate  into 
slaty  rocks.  We  have  distinct  evidence  of  their  overflowing  neighbouring  strata. 
We  have  distinct  evidence  of  the  manner  of  their  eruption  from  below  in  the  presence 
of  many  vertical  dykes. 

None  of  these  phenomena  are  observed  in  the  Lake  District,  as  regards  the  por- 
phyries alternating  with  the  slates.  The  only  difficulty  to  be  accounted  for,  I  tliiok, 
is  &e  great  thickness  of  some  of  the  slaty  beds,  which  have  remained  unaltered  whilst 
other  beds  above  them  have  been  changed  by  the  action  of  the  same  heat  into  por- 

It  is  evident,  that  if  the  different  beds  can  be  shown  to  be  of  different  degrees  of 
fusibility,  this  circumstance  would  be  at  once  accounted  for ;  and  I  have  made  some 
experiments  to  test  this  point,  and  also  on  the  effects  of  fusion  and  slow  cooling  in 
producing  metamorphic  effects  upon  rocks. 

The  first  experiment  was  made  for  me  by  Mr.  J.  P.  Wood,  of  Leeds,  on  clay- 
slate,  greenstone  porphyry,  and  greenstone  roofing-slate,  all  reduced  to  fine  powder, 
and  about  i  lb.  of  each  placed  in  three  crucibles,  in  a  common  air-furnace,  and  gra- 
dually heated.  At  a  good  red  heat  the  porphyry  puffed  up,  fused,  and  ran  over  the 
edge  of  the  crucible  in  the  shape  of  a  brown  glassy  slag ;  at  a  white  heat  the  clay- 
slate  fused  into  a  grey  glassy  slag ;  and,  lastly,  at  a  strong  white  heat,  the  roofing- 
slate  also  fused  into  a  black  glassy  slag.  Thus  the  slate  rocks  appear  to  be  decidedly 
less  fusible ;  less  easily  acted  upon  by  heat  than  the  porphyries.  The  same  result 
was  obtained  [in  fusing  clay-slate,  Skiddaw  granite,  and  greenstone  porphyry  in  a 
common  reverberatory  furnace ;  the  stone  being  broken  into  pieces,  about  the  size 
of  those  used  for  road-making,  a  white  heat  was  required  to  fuse  them,  but  the 
granite  and  porphyry  melted  much  more  readily  and  completely  than  the  clay-slate. 
These  simple  experiments  may  be  sufficient  to  prove  a  difference  in  the  fusibility  of 
the  slaty  and  porphyritic  beds,  which  would  account  for  the  latter  undergoing  changes 
by  the  same  heat  which  would  merely  harden  the  former. 

I  next  endeavoured  to  ascertain  the  effect  of  pressure  combined  with  heat  on  the 
fusion  of  rocks,  with  the  very  able  and  zealous  assistance  of  Messrs.  Kitson  and 
Hewitson,  of  this  town.  These  experiments,  which  are  attended  with  great  difficulty, 
and  require  the  patient  endurance  of  a  good  many  partial  failures  before  a  success- 
ful result  can  be  obtained,  are  as  yet  only  in  progress. 

Some  results,  however,  may  be  seen  in  the  specimens  on  the  table. 

The  powdered  granite,  clay-slate,  and  porphyry  were  enclosed  in  strong  iron  tubes, 
well  consolidated  to  begin  with  by  hydraulic  pressure,  then  screwed  up  and  heated 
to  a  red  heat  in  an  air-furnace,  and  then  slowly  cooled. 

The  result  is  a  compact  mass  of  distinctly  stony  texture  approaching  to  slaty 
greenstone,  quite  different  from  the  porous  glassy  slags  produced  by  fusion  without 
pressure.    The  fusion  has  taken  place  at  a  lower  temperature  under  pressure. 
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I  next  tried  the  effect  of  fusion  of  a  large  mass  of  granite,  in  this  case  from  the 
Chamwood  Forest  in  Leicestershire,  which  happened  to  be  raost  easily  procurable. 
This  was  done  in  a  reverberatory  furnace  constructed  for  the  purpose  by  Messrs.  Kit- 
son  and  Hewitson,  but  the  accidental  failure  of  a  portion  of  the  furnace  in  the  course 
of  the  experiment  partially  spoiled  the  result.  •  The  specimens,  however,  show  a  di- 
stinct passage  from  a  perfectly  glassy  to  a  stony  texture,  and  apparently  even  to  a  por- 
phyritic  structure  by  the  development  of  crystals. 

There  are  also  specimens  of  the  glassy  texture,  which  by  exposure  to  heat  just 
below  fusion  in  close  tubes  for  two  or  three  weeks,  are  changed  to  a  stony  texture ; 
also  of  the  powdered  rocks  enclosed  in  a  strong  iron  tube,  and  buried  in  the  large 
mass  of  granite  when  in  a  state  of  fusion  in  the  reverberatory  furnace. 

llie  great  desideratum,  however,  is  the  application  of  heat  under  high  pressure 
with  the  presence  of  water,  which  must  have  been  the  condition,  as  remarked  by 
Sedgwick,  of  the  metamorphic  rocks.  My  attempts  in  this  direction  have  not  yet 
succeeded*  It  is  no  easy  matter  to  construct  any  sort  of  vessel  capable  of  keeping 
red-hot  water  in  safe  custody. 

Photographs  of  the  Quarry  of  Rowley  Hag  at  Ponk  HiU,  WalsalL 
By  William  Mathews,  F.G.S, 

The  well-known  basaltic  capping  of  Ponk  Hill  in  the  South  Staffordshire  coal- 
field is  being  so  rapidly  worked  away,  that  it  has  seemed  desirable  that  some  record 
of  its  structure  should  be  preserved.  With  this  view  the  photographs  laid  before 
the  Section  have  been  taken ;  they  represent  the  whole  of  the  face  of  rock  now  being 
quarried,  from  which  the  original  structure  of  the  mass  may  be  easily  ascertained. 
It  formed  when  entire  an  irregular  dome,  communicating  below  with  the  extensive 
horizontal  sheet  of  basalt  intruded  between  the  coal-measures,  and  consisted  of  two 
distinct  sets  of  columns. 

let.  An  interior  cylindrical  group  of  very  perfect  vertical  columns,  rapidly  thin- 
ning and  arching  over  at  the  top  some  distance  below  the  vertex  of  the  dome. 

2od.  Another  group  originating  at  the  summit  of  the  first,  dipping  down  over 
their  arched  extremities,  and  then  curving  upwards  so  as  to  strike  the  exterior  of  the 
dome  nearly  perpendicular  to  its  surface. 

The  columns  are  all  situated  in  vertical  planes  passing  approximately  through  the 
axis  of  the  dome.  __««- 

On  Triassic  Beds  near  FromCy  and  their  Organic  Remains. 
Py  C.Moore,  F.G.S. 

The  author  stated  he  became  aware  of  the  probable  presence  of  Triassic  beds  in 
the  neighbourhood  of  Frome,  by  finding  a  slab  of  conglomerate  containing  teeth  of 
Acrodus,  ffybodus,  and  Saurichthys  on  a  roadside  heap  of  carboniferous  limestone. 
He  at  once  examined  the  district  for  their  discovery  without  success;  but  more 
recently  was  fortunate  enough  to  find  fissures  of  the  carboniferous  limestone  at 
Holwell,  filled  with  a  similar  conglomerate,  the  organic  remains  in  which  evidenced 
its  Triassic  origin. 

In  describing  the  physical  features  of  the  district,  the  author  remarked  that  Frome 
was  situated  on  the  extreme  south-eastern  boundary  of  the  Somersetshire  coal-field, 
and  that  just  north  of  that  town  the  old  red  sandstone,  with  a  narrow  belt  of  car- 
boniferous limestone  lying  on  its  side,  might  be  seen  emerging  from  beneath  the 
inferior  oolite.  To  the  west  the  carboniferous  limestones  again  appear  in  several 
pretty  combs  leading  to  Mells,  Vallis,  and  Whatley,  in  the  latter  of  which  the 
Holwell  quarries  are  situated.  In  the  quarry  opposite  this  village  the  limestone 
is  worked  to  a  depth  of  35  feet.  A  fissure  about  a  foot  in  breadth,  commencing 
under  a  thin  capping  of  vegetable  soil,  may  be  here  observed,  taking  an  irregular 
direction  to  the  bottom  of  the  quarry,  where  it  increases  to  10  feet  in  breadth.  This 
is  in  part  filled  with  vertical  laminae  of  mottled  yellow,  grey  and  blue  stone.  A 
quartzose  sand  also  prevails,  sometimes  indurated,  but  often  friable ;  in  which  case, 
the  imbedded  organic  remains  may  be  readily  detached. 

First  amongst  these  the  Reptilia  deserve  notice,  some  of  which  belong  to  the  The- 
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codont  order  which  inclades  the  T%ecodtmtosauni$  and  Pakeoiaurua,  Of  the  former, 
the  aathor  has  obtained  several  teeth  and  vertebrae,  and  also  several  bony  scutes 
or  scales,  which  renders  it  probable  one  of  the  saurians  of  this  period  was  covered 
with  a  bony  armour  like  the  Teleoaaurus  of  the  lias.  These  genera  were  originally 
described  by  Messrs.  Riley  and  Stutchbury,  from  fragmentary  specimens  obtained 
from  a  conglomerate  near  Bristol,  which  has  hitherto  been  considered  to  belong  to 
the  Permian  period  or  to  the  dolomitic  conglomerate,  but  from  its  precise  litholo- 
gical  similari^  to  that  of  Holwell  there  can  now  be  little  doubt  it  belongs  to  the 
Triassic  period.  In  referring  to  the  absence  of  the  Muschelkalk  in  this  country,  the 
author  stated  he  had  the  pleasure  of  announcing,  that,  although  the  precise  equivalent 
of  that  formation  had  not  yet  been  satisfactorily  made  out,  still  in  the  presence  of 
the  teeth  of  another  saurian — the  Placodus — ^he  Lad  obtained  the  first  indications  of 
the  fauna  of  that  deposit  being  represented  in  £ngland. 

Important  as  w^re  these  indications  of  Reptilia,  the  fish  remains  from  these  con- 
glomerates were  probably  of  equal  interest.  They  belong  to  the  genera  Acrodu$, 
Hyhodua,  Saurichthys,  Lepidotus,  GyroUpis,  probably  the  Ctenoptychius  or  Peto- 
lodus  of  Owen,  and  some  minute  palates  allied  to  ChomaioduB,  a  genus  not  yet  found 
higher  than  the  carboniferous  limestone.  Teeth  of  the  Acrodus,  of  several  species, 
are  very  abundant,  the  next  prevailing  genus  being  the  Hyhodus,  There  are  also 
some  very  peculiar  thorn-like  spines  of  not  less  than  ten  distinct  varieties,  belonging 
to  some  fish  as  yet  undetermined,  to  the  dermal  coverings  of  which  they  were  pro- 
bably attached.  So  wonderfully  preserved  are  some  of  these  fish  remains,  that  the 
author  had  been  enabled  to  extract  a  jaw  from  the  matrix,  which,  though  not  more 
than  the  eighth  of  an  inch  in  length,  contains  all  its  teeth,  thirty-four  in  number ; 
and  in  another  instance,  a  palate  a  quarter  of  an  inch  in  length  still  retains  seventy- 
four  teeth,  and  shows  blank  spaces  from  which  sixteen  others  had  been  lost. 

The  only  evidence  the  author  has  yet  obtained  of  regularly  stratified  Triassic  beda 
is  in  the  Vallis  Vale,  where  there  are  several  large  quarries  of  carboniferous  lime- 
stone, on  the  up-turned  edges  of  which  the  inferior  oolite  lies  horizontally,  and  is 
usually  in  immediate  contact.  This,  however,  is  not  the  case  in  one  near  Hapsford 
Mills,  where  the  following  thin  bands  of  Trias  are  found.  Immediately  on  the 
carboniferous  limestone,  which  is  here  quarried  to  the  depth  of  20  feet,  occurs  a 
bed  of  blue  clay  4  inches  in  thickness,  which  yielded  part  of  a  Thecodont  vertebra, 
fish  remains  identical  with  some  from  the  Holwell  conglomerate,  and  the  teeth  of 
several  spines  of  Acrodi  peculiar  to  this  bed.  It  also  yielded  valves  of  Chiton  and 
Pollicipea,  with  spines  of  Pseudodiadema  and  stems  of  encrinites,  together  with 
Oatrea,  Lima,  Avicuh,  and  other  shells.  Succeeding  this  blue  clay,  is  a  bed  of  hori- 
zontal conglomerate  2  feet  thick,  made  up  of  rounded  pebbles,  from  the  size  of  an 
egg  downwards,  and  containing  a  few  fish  teeth  and  scales.  Above  is  another  band 
of  blue  clay  4  inches  in  thickness,  passing  into  a  grey  concretionary  clay  12  inches 
thick,  neither  of  which  has  yielded  any  organic  remains ;  and  resting  on  these  next 
succeed  rubbly  beds  of  inferior  oolite,  having  a  thickness  of  12  feet. 

Various  other  MoUosca  have  been  obtained  by  the  author  from  the  beds  above 
noticed,  including  Spirifer,  Terebratula,  Rhynchonella,  Lingula,  fragments  of  the 
large  jiiacina  Towtuhendi,  which  the  author  believed  to  be  a  triassic  shell,  Pectem, 
Belemnite,  &c.,  and  a  single  claw  of  a  crustacean. 

Note. — Since  reading  the  above  paper,  it  has  been  the  author's  good  fortune  to 
discover  three  unmistakeable  mammaUan  teeth  identical  with  the  Microlettea  an- 
tiquus  of  the  Upper  Trias  of  Wirtemberg,  being  the  earliest  evidence  of  mamma- 
Uan remains  yet  found  in  this  country. 


Some  ResuUs  of  receni  Researches  among  the  Older  Rocks  of  the  Highlands 
of  Scotland.  By  Sir  R.  1.  Murchison,  F.R.S. 
The  first  part  of  the  paper  consisted  chiefly  of  a  confirmation  and  extension  of  views 
which  the  author  had  laid  before  the  Geological  Society  in  the  preceding  session. 
These  views  are,  that  the  fundamental  gneiss  of  the  N.W.  Highlands,  being  older  than 
any  stratified  rock  of  England  and  Wales,  is  overlaid  unconformably  by  sandstones 
and  conglomerates  of  great  thickness,  which,  occupying  lofty  mountains,  represent  the 
Cambrian  rocks  of  South  Britain ;  that  these  are  surmounted  transgressively  by  quartz 
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rocks  and  limestones  containing  Lower  Silurian  fossils^  or  that  the  last  are  suc- 
ceeded by  micaceous  schists  and  flagstones  often  passing  into  a  younger  gneiss. 

The  second  part  of  the  communication  related  to  the  Old  Red  Sandstonci  properly 
so  defined,  as  exhibited  on  the  east  coasts  between  the  Orkney  and  Shetland  Islands 
on  the  north,  and  Banffshire  and  Morayshire  on  the  south,  various  points  of  which 
the  author  visited  last  summer.  In  Caithness  and  the  Orkney  Islands,  accompanied 
by  Mr.  Peach,  the  author  made  various  interesting  additions  to  his  former  knowledge, 
and  profited  by  the  researches  of  Mr.  Robert  Dick  of  Tliurso.  His  beliel  Avas  sus- 
tained that  the  ichthyolitic  flagstones  of  Caithness  and  the  Orkneys,  with  their 
numerous  fossil  fishes,  constitute  the  central  member  of  the  Old  Red  series,  the  lower 
part  of  which  is  made  up  of  powerful  conglomerates  and  a  very  great  thickness  of 
thin-bedded  red  sandstone,  the  whole  being  composed  of  the  detritus  of  the  more 
ancient  crystalline  rocks.  The  central  flagstones  are  surmounted  by  other  sandstones, 
rarely  red,  and  usually  of  yellow  colour,  which  occupy  the  promontories  of  Hoy  Head, 
Dunnet  Head,  &c. 

The  chief  additional  data  which  had  been  gained  by  Sir  Roderick  during  his  last 
visit  were  owing,  in  the  first  instance,  to  a  discovery  by  Mr.  Martin  of  Elgin,  of  a 
large  bone  in  the  same  beds  at  Lossie  Mouth,  which  had  formerly  afforded  large 
scales  of  the  supposed  fish,  called  Staganolepis  by  Agassiz.  On  visiting  these  quar- 
ries with  the  Rev.  G.  Gordon,  he  was  so  fortunate  as  to  discover  other  portions  of 
this  large  animal ;  so  that  comparative  anatomists  may  determine  whether  it  be,  as 
the  author  believed,  really  reptilian.  The  existence  of  reptiles  during  the  forma- 
tion of  this  deposit  is«  indeed,  established  beyond  a  doubt;  since  many  slabs  have 
long  been  found  in  the  coast  quarries  of  Cummingston,  in  which  are  the  footprints  of 
both  large  and  small  reptiles,  each  footprint  having  the  impression  of  four  or  five 
claws  to  it.  A  slab,  transmitted  by  Capt.  Brickenden,  is  in  the  Geological  Society's 
Museum,  and  others  have  recently  been  sent  to  the  Museum  of  Practical  Geo- 
logy, London,  as  contributions  from  Mr.  P.  Duff  of  Elgin,  and  other  persons.  The 
presence  of  large  reptiles,  as  well  as  of  the  little  Telerpeton,  in  a  deposit  which  all 
geologists  have  hitherto  considered  to  be  an  upper  member  of  the  Old  Red  Sandstone^ 
is  therefore  established. 

After  noting  certain  fossil  fishes  which  occur  in  parts  of  the  Duke  of  Richmond's 
estates  in  Banffshire,  the  author  proceeded  to  review  the  relations  of  the  great  masses 
of  sedimenta^  deposit  lying  along  the  eastern  and  southern  faces  of  the  crystalline 
rocks  of  the  Grampians,  which  have  been  hitherto  classed  as  pertaining  to  the  Old 
Red  Sandstone,  though  he  does  not  pretend  as  yet  to  be  competent  to  describe  their 
detailed  features.  On  these  points,  however,  which  Mr.  D.  Page  is  working  out  with 
ability,  he  begs  to  offer  the  following  suggestion.  The  true  base  of  the  Old  Red 
Sandstone,  properly  so  called,  is  seen  in  Shropshire  and  Herefordshire  to  be  a  red 
rock,  containing  Cephalaspis  and  Pteraspis,  which  gradually  passes  down  into  the 
^ey  Ludlow  rock ;  and  in  both  of  these  contiguous  and  united  strata,  remains  of  large 
Fterygoti,  but  of  different  species  in  the  two  bands,  are  found.  Now,  although  the 
Arbroath  paving-stone,  and  the  grey  rocks  ranging  to  the  north  of  Dundee,  htholo- 
gically  much  resemble  the  uppermost  Ludlow  rock,  they  contain  the  Cfpkalaspis 
LyeUii  as  well  as  Ptetygoti,  and  must,  under  every  circumstance,  be  viewed  as  the 
base  of  the  Devonian  rocks.  In  speaking  of  the  lowest  member  of  the  Old  Red  Sand- 
stone, as  characterized  by  the  Cephalaspis,  the  author  expressed  his  conviction,  that 
in  the  north-eastern  Highlands  and  Caitnness  that  zone  is  represented  as  above  men- 
tioned, by  the  vast  thickness  of  thin-bedded  red  sandstone  and  conglomerates,  which 
underlies  the  bituminous  flags  of  Caithness. 

The  author,  who  had  recently  visited  Dura  Den,  in  Fifeshire,  in  the  company  of 
Lord  Kinnaird  and  the  Rev.  Dr.  J.  Anderson,  whose  work,  *  The  Course  of  Creation,' 
is  well  known  to  geologists,  declared  that  there  could  be  no  doubt  that  the  yellow 
sandstones,  that  tract  in  Fife  which  pertains  truly  to  the  Old  Red  group,  are  entirely 
subjacent  to  the  lowest  carboniferous  sandstones,  and  are  probably  of  the  same  age  as 
the  upper  yellow  sandstones  of  Elgin.  A  drawing,  prepared  by  Lady  Kinnaird  (the 
splendid  specimen  bavins;  been  placed  in  the  museum  at  Rossie  Priory),  of  the  fossil 
nsh  Ilolopty chins*,  nearly  three  feet  in  length,  which  was  found  on  the  occasion  of 
this  visit  on  the  property  of  Mrs.  Dalgleish,  was  exhibited ;  and  as  this  form  abounds 
*  This  large  species  has  proved  to  be  the  i£  Andenoni,  Ag. 
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in  the  lower  and  redp  ortions  of  the  deposit,  and  a1m>  occurs  in  the  OTerlyine;  yeRoir 
sandstones,  associated  with  other  old  red  ichthyolites,  the  age  of  the  deposit  is  clearly 
substantiated. 

lu  conclusion,  Sir  Roderick  said  tliat  this  communication  must  be  considered  as  a 
rehearsal  only  of  what  he  hoped  would  be  done  with  more  effect  next  year  at  Aberdeen, 
when  further  observations  might  lead  him  either  to  confirm  or  modify  that  portioii 
of  his  views  which  relates  to  the  age  of  the  Elgin  sandstones.  In  the  mean  time,  the 
fundamental  reform  of  the  North  Scottish  series  is  above  narrated,  proving  that  the 
ascent  from  rocks  on  the  west  coast,  which  are  unquestionably  older  than  any  in 
England  and  Wales,  through  Cambrian  and  Lower  Silurian  rocks  to  the  moch 
younger  "  Old  Red  Sandstone  '*  of  the  east  coast,  is  firmly  established.  The  commu- 
nication  was  illustrated  by  several  geological  maps,  to  indicate  the  successive  steps  in 
knowledge,  including  an  old  one  coloured  by  himself  thirty-one  years  ago,  the  maps 
of  M'Culloch,  Nicol,  and  Knipe,  and  a  map  of  Sutherland,  which  the  author  had 
coloured  during  the  summer.  Besides  large  diagrams,  there  were  sketches  of  the 
mountains  and  lochs  of  the  west  of  Sutherland  by  Miss  Charlotte  Dempster. 


On  the  Age  and  Relations  of  the  Gneiss  Rocks  in  the  North  of  Scotland, 
By  James  Nicol,  FM.S.E.^  F.  G.S.,  Professor  of  Natural  History  in  the 
University  of  Aberdeen, 

The  author  expressed  his  regret  that  in  one  point  he  was  compelled  to  differ  from 
his  distinguished  friend  Sir  11.  I.  Murchison.  He  could  not  regard  the  entire  gneiss 
forming  the  central  regions  of  Ross  and  Sutherland  as  of  younger  age  than  the  red 
sandstone  and  quartzite  of  the  west  coast  (Cambrian  and  Silurian  of  Murchison).  He 
described  a  section  from  the  Oairloch  to  the  Moray  Frith,  and  showed  that  the  red 
sandstone  and  quartzite  resting  on  tlie  gneiss  of  the  west,  were  cut  off  by  a  mass 
of  felspar-porphyry  and  serpentine  from  the  supposed  overlying  rocks  on  the  east. 
He  had  traced  a  band  of  similar  igneous  rocks  at  intervals  for  a  hundred  miles,  from 
Loch  EriboU  to  Skve,  and  had  observed  other  indications  of  fracture  and  convulsion 
along  this  line,  as  shown  in  the  section  exhibited.  He  therefore  concluded  that  the 
overlap  of  gneiss  on  quartzite  might  be  occasioned  by  a  slip  or  convolution  of  the 
strata,  and  not  mark  the  true  order  of  superposition.  He  also  stated,  that  the  uncon- 
formability  of  the  quartzite  tu  the  red  sandstone  (Cambrian)  which  he  had  described 
at  Assynt*  and  on  Loch  Broom,  did  not  seem  to  occur  in  Gairloch,  where  the  two 
deposits,  as  seen  in  great  sections  on  the  escarpments  of  the  mountains,  appear  quite 
conformable ;  the  red  sandstone,  however,  extending  far  beyond  the  quartzite  on  the 
west.  He  further  pointed  out,  that,  in  the  central  region  of  Scotland,  from  Aberdeen- 
shire to  Argyllshire,  the  great  formation  of  gneiss,  with  limestone  and  quartz  rockf 
overlies  the  mica  slate,  and  does  not  dip  under  it,  as  usually  represented.  In  parti- 
cular, the  gneiss  of  the  Black  Mount  and  Breadalbane  Highlands  appears  to  form  a 
wide  synclinal  trough  resting  on  both  sides  on  mica  slate,  and  thus  to  be  an  overlying 
and  younger  formation.  

On  the  Comparative  Geology  ofHotham,  near  South  Cavcy  Yorkshire, 
By  the  Rev.  T.  W.  Norwood,  of  Cheltenham. 

The  village  of  Hotham  is  upon  the  lower  lias ;  but  all  the  secondary  rocks  of  Uiis 
part  of  Yorkshire,  from  the  new  red  sandstone  to  the  chalk  inclusive,  may  be  seen  in 
Its  immediate  neighbourhood.  Their  course  is  nearly  N.N.W.  At  Hotham  proper 
we  are  only  concerned  with  the  lias  and  inferior  oolite  ]  to  them  therefore  these 
remarks  are  limited. 

I.  Between  North  Cave  and  South  Cliff  the  lower  lias  "limestones  and  shales"  pre- 
sent to  the  plain  their  usual  elevated  outcrop,  and  exhibit  plentifully  their  charac- 
teristic fossils — Oryphaa  incurva,  Lima  gigantea,  Oelrea  liassicaf  Modiola  mistima, 
and  many  other  familiar  forms.  The  "Bone-bed"  and  "  Insect-bed"  appear  to  be 
wanting.  The  lias  passes  conformably,  and  somewhat  suddenly,  into  the  sandy  beds 
below  it. 

A  great  destruction  has  happened  to  the  lower  lias  in  this  locality.  The  north  aide 
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of  North  Cave  is  built  on  a  thick  drift  of  the  Modiola  minima  bed,  excessivehr  crowded 
with  a  doubtful  shell  called  provisionally  a  Posidonomya ;  and  between  North  and 
South  Cave,  in  "  Sandy  Lane,"  is  an  extraordinary  drift  of  GrypAaa  ineurva^  These 
two  drifts  are  remarkably  independent  of  each  other. 

II.  There  seems  to  be  no  facility  for  examining  the  upper  beds  of  the  lower  lias, 
though  that  formation  is  a  mile  across.  Tlie  mi&le  lias  forms  a  beautiful  bank  on 
the  east  side  of  Hotham  Park,  and  sections  can  be  seen  near  North  Cave,  in  a  marl- 
pit  and  a  road-side  cutting.  The  beds  change  upwards  thus — from  blue  shales  at  the 
bottom,  through  brown  shales  and  sand  wi£  irregular  broken  bands  of  nodular  day-* 
ironstone,  to  a  hard  rock-bed  of  the  true  marlsUme  2  or  3  feet  in  thickness,  whicli 
again  is  capped  at  the  top  of  the  ascent  by  a  very  rubbishy  ferruginous  rock«  the 
lowest  member  of  the  ironstone  series.  These  ironstones  contain  a  good  many  fossils ; 
but  are  most  distinguished  by  Belemnites  and  BhynehoneUa  tetraedra*  Many  fossils 
also  of  the  marlsione  band  have  been  found  in  drift  between  Hotham  and  N^wbald« 
In  the  same  drift  are  shells  of  the  upper  lias  and  Oxford  clay,  though  neither  of 
these  rocks  is  yet  known  with  certainty  to  exist  in  sitt^  near  Hotham. 

III.  Between  the  middle  lias  and  mferior  oolite  there  is  a  remarkable  thin  band 
of  marly  limestone,  which  is  called  at  present  the  *' Ligniferous  marV*  It  has  a  very 
freshwater  appearance,  and  contains  fragmentary  remains  of  ferns  and  other  land 
plants.  Its  marine  remains  consist  chiefly  of  two  species  of  Urchins,  with  Pinnse, 
rectens,  and  Modiols,  each  of  a  single  species,  and  always  in  e^ood  preservation  • 
This  band  seems  never  to  have  been  descrioed  before  in  any  locality. 

IV.  The  oolite  of  "Hotham  Quarry"  appears  to  be  inferior  oolite,  and  a  distant 
equivalent  of  the  **  Roestone  "  of  Cheltenham.  It  is  strange  that  this  bed  should  have 
been  said  to  be  wholly  restricted  to  the  vicinity  of  the  town  of  Cheltenham.  Its  fos* 
sils,  and  more  or  less  of  its  structure,  may  be  seen  in  other  places ;  as  at  Haresfield 
in  Gloucestershire,  and  at  Hotham.  At  Hotham  perhaps  the  most  common  form  is 
Piff  aster  semisulcatus;  which  is  at  present  supposed,  on  the  best  authority,  to  be 
strictly  confined  to  the  inferior  oolite.  The  fossils  associated  wi^  it  lead  to  the  same 
conclusion  :  they  are  most  of  them  common  at  Cleeve  and  Crickley,  near  Cheltenham. 


On  a  Neto  Genus  (Dimorphodon)  cf  PUrodactyle^  toith  remarks  on  the  Gfeo* 
■   logical  DistnbiOion  of  Flying  Reptiles.     By  Professor  Owek^  MJ).^ 
LLJ).y  F.R.S. 

The  author  exhibited  a  drawing  of  the  skull  and  some  of  the  wing-bones  and  other 
limb-bones  of  a  Pterodactyle  which  he  had  obtained  during  a  recent  visit  to  Lyme 
Regis,  in  Dorsetshire.  The  specimen  in  question  was  discovered  in  the  lower  lias 
of  that  locality,  and  had  been  purchased  for  the  British  Museum.  The  fore-part  of 
tiie  cranium  was  preserved,  anterior  to  the  orbit,  measuring  in  length  6  Inches. 
This  was  peculiar  for  the  vast  expanse  of  the  long  nostril,  which  was  oval,  and 
measured  3  inches  by  \\  inch;  the  antorbital  vacuit}*,  divided  by  a  slender 
oblique  bar  from  the  nostril,  was  triangular,  1  inch  5' lines  in  long  diameter; 
the  solid  part  of  the  premazillary  in  advance  of  the  nostril  measured  only  1  inch 
9  lines  in  length,  or  little  more  than  half  the  length  of  the  nostril — proportions 
which  had  not  been  previously  observed  in  any  Pterodactyle.  The  largest  teeth 
were  implanted  in  this  part  of  the  upper  jaw.  One,  which  had  been  displaced  and 
showed  the  oblique  basal  cavity  and  depression,  formed  by  a  successional  toothy 
measured  more  than  an  inch  in  length.  The  largest  exserted  crown  of  a  premaxil- 
lary  tooth  in  place  measured  7  lines.  A  tooth  situated  3  j-  inches  behind  the  first 
tooth,  had  a  crown  5  lines  in  length ;  then  followed  three  shorter  teeth,  and  behind 
these,  and  below  the  antorbital  vacuity,  were  several  small  teeth,  with  intervals. 
The  dentary  bones  of  the  lower  jaw  were  preserved,  measuring  6|  inches  in  lengfJi. 
These  exhibited  a  peculiarity  of  dentition  not  previously  described  or  figured ;  viz. 
two  long  prehensile  teeth  at  the  fore- part  of  each  ramus,  separated  by  an  interval  of 
half  an  inch,  and  followed,  after  a  similar  interval,  by  a  series  of  much  more  minute 
and  close-set  teeth,  with  straight,  short,  compressed,  lancet-shaped  crowns,  none  of 
which  exceeded  a  line  in  len^.  Forty-five  of  these  teeth  might  be  counted  in  aa 
alveolar  extent  of  2  inches  9  lines,  and  in  a  part  of  the  dentary  bone  averaging  8  lines 
in  depth*    This  character  of  dentition  was  such,  that  the  figure  published  by  Dr. 
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Backland  of  the  fhtgment  of  a  jaw  found  in  the  same  lias  at  Lyme  Regts^  with  simflar 
minute  serial  teeth,  "  like  one  another,  flat,  and  shaped  at  the  point  like  a  lancet," 
and  which  he  belieted  was  *•  probably  that  of  our  Pterodactyle,"  waa  deemed  by 
most  palaeontologists  to  have  been  rather  a  portion  of  the  jaw  of  a  fish.  The  Pfe- 
rodactyha  Banthensis  and  PterodacbfUa  Oemmingi,  distinguished  by  an  edentulous 
production  (processus  mentalis),  from  the  fore-part  of  the  jaw,  had  three  or  four  large 
teeth  next  behind  that  process,  followed  by  several  smaller  teeth ;  and  these  Ptero- 
dactyles  formed  the  genus  Ran^horhifnchua  of  V.  Meyer :  but  the  hind-teeth  were 
not  nearlv  so  numerous  and  minute  as  in  the  specimen  from  the  lower  lias,  and  this 
had  no  edentulous  "  processus  mentalis/'  So  marked  a  difference  from  the  dentition 
of  the  species  of  the  true  Pterodactylnt,  represented  by  Pier,  Umgirowtru  and  Ptn. 
era88(r09tri$,  as  well  as  from  the  mandibular  and  dental  characters  of  the  RamphO' 
rhynt^uM  of  V.  Meyer,  appeared  to  call  for  the  subgeneric  separation  of  the  Pter, 
maeronyx  of  Buckland  fVom  the  later  forms  of  Pteroiouria :  and  Professor  Owen  pro* 
posed  the  name  Dimorphodon  for  this  new  subgenus,  in  reference  to  the  two  kinds 
of  teeth,  or  two  features  of  dentition,  one  of  Siem  borrowed,  as  it  were,  from  the 
fish  or  batrachian,  by  this  early  form  of  flying  dragon.  Among  the  bones  associated 
with  the  skull,  the  author  defined  the  lower  half  of  a  radius  and  ulna ;  four  metacar* 
pals,  including  the  very  thick  and  strong  one  of  the  wing-finger ;  the  first,  second, 
and  great  part  of  the  third  phalanges  of  that  finger ;  phalanges,  including  two  un- 
equal ones,  of  Uie  short  claw- bearing  fingers ;  portions  of  the  radius  and  ulna,  and 
the  entire  metacarpal  of  the  wing-finger  of  the  other  fore-limb ;  a  few  vertebrae  and 
ribs.  Only  three  of  these  bones  could  be  compared  with  the  first  specimen  of  a 
Pterodactyle  fVom  Lyme  Regis,  described  by  Dr.  Buckland :  their  respective  lengths 
were  as  follows : — 

Pierodactyka  iDimorphodon)  macrvnyx, 

Ist  Specimen.      2Dd  Spedmeil. 
in.  lines.  in.  lines. 

Length  of  metacarpal  of  fifth  or  wiuff'^finger 1    6        1    8 

Length  of  first  phalanx  of  fifth  or  wmg-flnger 3    9        ••••»•      4    6 

Length  of  second  phalanx  of  fifth  or  wing-finger 4    9        4    9 

.  Length  of  a  claw-phalanx 0    8^      0    9 

By  this  comparison  it  was  shown  that  the  second  specimen  was  larger  ^lan  the  first, 
but  differed  so  slightly  in  the  proportions  of  the  first  and  second  phalanges,  as  not, 
in  Professor  Owen's  ooinion,  to  justify  a  distinction  of  species :  more  particularly 
since,  on  the  supposition  of  the  portion  of  jaw  figured  by  Dr.  Buckland  having  be- 
longed to  the  same  individual  as  the  limb -bones  figured  by  the  same  author,  the  first 
specimen  of  Pterodactyltu  nutcronyx  had  the  same  subgeneric  character  of  mandibukr 
teeUi  as  the  second  specimen  fh)m  the  same  formation  and  locality. 

Some  portions  of  thin-walled  hollow  bones  from  the  upper  beds  of  &e  Trias  of 
Wirtemberg  might  belong  to  the  Pterodactyle  genus ;  in  which  case  they  would  in- 
dicate die  oldest  examples  known  of  the  flying  order  of  reptiles.  The  oldest  cer- 
tainly known  Pterodactyles  were,  at  present,  the  Pterodactyltu  macronyte,  Bd.,of  the 
lower  lias,  forming  the  type  of  the  subgenus  Dimorphodon ;  and  bones  of  Pterodac- 
tyle from  the  coeval  lias  m  Wirtemberg.  The  next  in  point  of  age  was  the  Pt.  Ban* 
thefms,  from  the '  Posidonomyenschiefer '  of  Banz,  in  Bavaria,  answering  to  the  akun- 
shale  of  our  Whitby  lias.  Then  follows  the  Pter.  BucklawU,  from  the  Stonesfield 
oolite.  Above  this  came  the  first-defined  and  numerous  species  of  Pterodactyle  from 
the  lithographic  slates  of  the  Middle  Oolitic  system ;  as  at  Solei^ofen,  Pappenheun» 
and  Nusplingen,  in  Germany,  and  from  Cirin,  on  the  Rhine.  The  Pterodactyles  of 
the  Weafden  were,  as  yet,  known  by  only  a  few  bones  and  bone-fragments ;  as  had 
hitherto  been  also  those  of  the  '  Oreensand '  of  Cambridgeshire.  Finally,  the  Ptero- 
dactyles of  the  Middle  Chalk  of  Kent,  so  remarkable  for  their  great  size,  constituted 
the  last  forms  of  flying  reptiles  known  in  the  history  of  the  crust  of  this  earth. 

On  Remains  of  New  and  Gigantic  Species  of  Pterodactyle  (Pter.  Fittoni  aad 
Pter.  Sedgwickii)/r(wi  the  Upper  Gr€ensand,near  Cambridge.  By  Pro- 
fessor Ow£N,  Md)^  LLJ).y  F.R.S. 

ftofes^orOws^co■mun^catsdthsr••^Itoof«n•Jn^nl^^t^oftof^n«rtc^^ 
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of  fragmentary  t^mains  of  Pterodactvles  which  had  been  discovered  in  the  Upper 
Greensand  formations^  now  extensively  worked  for  phosphatic  nodules,  near  (Cam- 
bridge. 

Among  these  were  many  more  or  less  entire  vertebrae  demonstrating  their  pro- 
coeltan  type,  as  in  modern  Lizards ;  the  Pterodactyles  being  the  earliest  known  ver- 
tebrate animals  with  '  cup-and-ball*  vertebrae,  and  with  the  'cup '  at  the  fore-part  of 
the  Centrum.  The  atlas  consists  of  a  centrum,  two  slender  styliforra  neurapopbyses, 
and  a  neural  spine,  which  is  small  and  discoid.  The  centrum  is  a  thin  disc ;  flat 
where  it  joins,  and  becomes  anchylosed  to,  the  axis;  concave  for  the  occipital  tubercle. 
Tlie  nenrapophyses,  resting  on  the  upper  part  of  the  sides  of  the  centrum  of  the  atlas, 
converge  and  articulate  above  with  two  tubercles  on  the  fore- part  of  the  neural  arch 
of  the  axis.  The  centrum  of  the  axis  is  8  lines  longer  than  that  of  the  atlas,  which 
was  one  line  long  in  the  specimen  described.  It  expands  posteriorly.  Where  it  ter- 
minates, below,  m  a  pair  of  short  obtuse  apophyses,  above  which  is  the  convexity 
for  articulating  with  the  third  vertebra.  At  the  middle  of  the  under  surface  is  a  low 
hypapophysial  ridge.  At  the  middle  of  the  side  of  the  centrum  is  the  large  pneu- 
matic foramen.  The  neural  arch  is  anchylosed  with  the  centrum,  and  sends  off 
from  each  posterior  angle  the  zygapophysis,  which  has  a  tubercle  above  and  a  flat 
articular  surface  below  looking  downward,  and  a  little  outward  and  backward.  The 
neural  canal  expands  at  the  posterior  outlet.    The  neural  spine  is  broken  away. 

In  the  ordinary  neck-vertebrae  the  centrum  is  oblong  and  subdepressed,  slightty 
compressed  at  the  middle,  sobcarinate  at  the  fore-part  of  the  under  surface,  the  back 
part  of  which  expands  and  is  slightly  produced  into  a  short  thick  obtuse  process  on 
each  side.  The  anterior  concavity  is  a  long  transverse  oval ;  beneath  whicn,  in  most, 
is  a  tuberosity  terminating  there  the  median  keel.  The  posterior  ball  has  a  similar 
transversely  extended  elliptical  figure — the  characteristic  of  the  neck-vertebrae  of  the 
Pterodactyle,  but  tilted  up  by  the  curve  of  the  under  surface  of  the  centrum,  above 
the  level  of  the  two  terminal  tuberous  processes.  A  large  pneumatic  foramen,  of  an 
elliptic  form,  opens  upon  the  middle  of  each  side  of  the  centrum  close  to  the  anchy- 
losed base  of  the  neurapophysis.  The  texture  of  the  centrum  presents  a  few  very 
large  cancelli,  which  doubtless  received  the  air  from  the  cervical  air-cells.  The  sur- 
face of  the  centrum  is  formed  by  a  very  thin  compact  layer  of  bone,  a  little  thicker 
where  it  forms  the  articular  cup. 

TTie  neural  arch,  between  the  notches  for  the  nerve-outlets,  is  not  quite  twO-thirds 
the  len^h  of  the  centrum ;  the  hinder  notch  is  the  deepest ;  the  arch  is  low  and 
broad,  less  concave  on  each  side  than  it  is  before  and  behind,  with  the  four  angles 
rather  produced,  and  supporting  the  articular  surfaces,  of  which  the  two  anterior 
look  upward  and  forward,  the  two  posterior  downward  and  backward.  The  sides  of 
the  arch  extend  outward  so  as  to  overhang  those  of  the  centrum.  The  posterior 
zygapophyses  do  not  extend  so  far  back  as  the  articular  ball  of  the  centrum. 

At  the  base  of  the  neck,  or  beginning  of  the  back,  the  vertebrae  suddenly  decrease 
in  length ;  the  hypapophysis  disappears,  or  is  represented  only  by  a  slight  production 
of  the  lower  border  of  the  anterior  cup ;  the  parapophyses  are  less  produced,  the 
lower  surface  of  the  centrum  is  flattened,  and  presents  a  quadrate  form.  There  is 
now  a  considerable  development  from  the  fore-part  of  each  side  of  the  neural  arch 
and  contiguous  part  of  the  centrum,  and  thereby  the  last  cervical  or  first  dorsal  ver- 
tebra of  the  Pterodactyle  more  resembles  the  corresponding  vertebra  of  the  bird. 
The  parapophysis,  diapophysis,  and  rudimental  rib  coalesce  around  the  vertebrarterial 
foramen ;  an  oblique  ridge  is  continued  from  the  upper  border  of  the  anterior  arti- 
cular cup  upon  the  parapophysis  ;  a  parallel  oblique  ridge  is  continued  from  the  an- 
terior zygapophysis  downward  and  outward  upon  the  pleurapophysis ;  the  diapo- 
physis makes  a  low  obtuse  projection  above  the  pleurapophysis  and  behind  the 
zygapophysis.  Above  these  developments  thfe  neural  arch  contracts  from  before 
backward,  to  an  extent  of  5  lines,  as  compared  with  a  total  vertebral  breadth,  ante- 
riorly, of  1  inch  8  lines ;  it  then  rapidly  expands,  rising  vertically  at  its  fore  part, 
and  developing  at  its  back  part  the  posterior  zygapophyses,  the  articular  facets  of 
which  look  more  directly  outward  than  in  the  long  cervical  vertebrae ;  the  superin- 
cumbent tubercle  is  more  distinct  from  the  facet ;  the  posterior  zygapophyses  are 
also  much  more  approximated  than  in  those  vertebrae ;  they  are  separated  behind 
by  a  semicircular  concavity ;  the  base  of  Uie  neural  spine  in  the  vertebra  here 
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described  meMored  6  lines  in  length  by  3  in  breadth.  The  pneumatic  ftHramina  are  aft 
the  back  part  of  the  base  of  the  diapophysis.  The  articular  sarfaces  of  the  centtom 
retain  the  transversely  extended  form,  and  are  simply  concave  before  and  coaves 
behind,  which  at  once  distinguishes  the  Pterosaurian  hind-cervical  vertebra  from 
that  of  the  bird. 

In  the  dorsal  region  the  vertebral  centrum,  retaining  its  shortness,  gains  in  depUi, 
and  presents  the  more  usual  proportions  of  cup-and-ball  reptilian  vertebne«  The 
nnder  surface  is  smooth  and  even,  very  slightly  concave  lengthwise,  convex  trans- 
versely. The  parapophysis  disappears,  and  the  diapophysis,  which  alone  supports 
the  rib,  after  the  first  or  second  dorsal,  is  sent  off  from  a  higher  position  in  the 
neural  arch. 

Sacrum. — The  Woodwardian  Museum  contains  a  specimen  of  the  bodies  of  three 
anchylosed  sacral  vertebrae,  the  first  being  demonstrated  by  part  of  its  anterior  con^ 
cave  articular  surface  for  the  last  lumbar  vertebra.  The  groove  for  the  passsge 
of  the  nerve  notches  the  back  part  of  the  parapophysis,  close  to  the  line  of  suture 
with  the  second  sacral.  In  this  vertebra  the  coriesponding  nerve-notch  b  more 
advanced,  leaving  a  short  sutural  surface  behind,  indicative  of  a  position  of  the  nea** 
ral  arch  crossing  for  a  short  extent  the  line  of  junction  of  the  second  with  the  third 
sacral  centrum.  The  parapophyses  of  the  second  and  third  vertebra  are  sent  off 
almost  on  a  level  with  the  lower  surface  of  the  centrum,  which  is  flattened. 

The  fore-part  of  the  sacrum  of  a  much  larger  Pterodactyle,  from  the  Cambridge 
Greensand,  differing  also  in  the  less  transverse  convexity  of  the  under  part  of  the 
first  centrum,  measures  1 1  lines  across  the  shallow  anterior  articular  concavity,  and 
14  lines  from  the  lower  part  of  the  centrum  to  the  fore-part  of  the  base  of  the  neural 
spine.  The  neural  caned  is  circular  and  2  lines  in  diameter ;  above  it  the  neural  ardi 
rises  like  a  vertical  wall  for  5  lines,  where  the  spine  has  been  broken  off. 

Caudal  Vertebra. — From  the  number  of  elongated  caudal  vertebrae  in  the  serks  oT 
fossils  from  the  Cambridge  Greensand  submitted  to  the  author — not  fewer  than 
seven — ^he  believes  the  large  Pterodactyle  from  that  formation  to  have  had  a  long 
tail,  but  moveable,  not  stiff  through  anchylosis  of  the  vertebrae,  as  in  Pier.  (Rampho- 
rhynchus)  Gemmingi,  V.  Meyer. 

pTBRooikCTTLUs  Sboowickii,  Owcu.^This  species  is  founded  on  a  spectmeD 
of  the  fore-part  of  the  upper  jaw,  containing  the  first  seven  sockets  of  the  teeth,  in  a 
few  of  the  anterior  of  which  the  base  of  the  tooth  is  retained.  The  first  two  sockets 
open  upon  the  obtuse  extremity  of  the  jaw,  and  have  a  direction  showing  that  their 
teeth  projected  obliquely  forward,  so  as  to  prolong  the  prehensile  reach  of  the  jaw ; 
the  second  and  third  sockets  are  the  largest,  and  cause  a  slight  transverse  swelling  f 
the  fourth  is  suddenly  smaller,  and  the  three  following  retain  nearly  the  same  size, 
or  show  a  slight  increase  as  they  pass  backward.  The  apertures  of  the  sockets  are 
elliptic,  with  the  long  axis  extending  obliquely  from  before  outivard  and  backward, 
not  parallel  with  the  axis  of  the  jaw.  The  interval  between  the  two  sockets  is  about 
half  the  long  diameter  of  each.  The  anterior  termination  of  the  jaw  is  obtuse ;  the 
sides  are  smooth,  flat,  converging  at  an  acute  angle  to  what  almost  forms  a  ridge 
above ;  the  jaw  gradually  increases  in  vertical  diameter  as  it  proceeds  backward,, 
the  upper  contour  being  straight  as  far  as  it  can  be  traced  in  the  fossil.  The  palatal 
surface  is  entire,  narrowest  between  the  second  sockets,  suddenly  broader  and  M 
between  the  third  pair,  retaining  about  the  same  breaddi,  but  with  a  slight  convexity 
and  feeble  indication  of  a  median  ridge  in  the  rest  of  its  extent. 

The  Pterosaurian  nature  of  this  fossil  is  shown  by  the  extreme  thinness  of  the 
compact  bony  wall  of  the  jaw ;  its  relation  to  the  genus  Pterodactylut,  as  contra- 
distinguished' from  the  RfuLtnphorhynchut,  V.  Meyer,  is  proved  by  the  terminal  posi' 
tion  of  the  sockets ;  and  sufficient  of  the  outer  side- wall  of  the  jaw  is  preserved  to 
show  that  the  nostril  did  not  advance  so  far  forward  as  in  Ditnorphodon — Uie  generic 
form  of  Pterodactyle  from  the  lower  lias. 

By  its  size  and  true  or  proper  pterodactyle  affinities,  the  present  specimen  most 
resembles  Pterodactyls  Cuvieri,  Owen,  from  the  Chalk  of  Kent ;  but  it  offers  the 
following  well-marked  differences — ^a  greater  proportional  size  of  the  anterior  sockets 
with  a  corresponding  expansion  of  the  fore.part  of  the  jaw ;  a  greater  number  and 
closer  arrangement  of  the  sockets ;  a  greater  depth  of  the  jaw,  in  proportion  to  the 
breadth  of  the  palate.  The  extent  of  the  jaw,  e.  g.,  containing  the  first  seven  sockets 
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in  Pierodaeh/Uu  Sedgwickii,  is  2  inches  9  lines,  bat  in  Pferodactylus  Cuvieri  it  is  3 
inches  6  lines ;  the  depth  of  the  jaw,  above  the  third  socket,  in  Pier,  Sedgwickii  is 
14  lines,  in  Pier,  Cuvieri  it  is  8  lines ;  whilst  the  breadth  of  the  palate  between 
the  third  pair  of  sockets  is  only  one  line  less  in  Pier,  Cuvieri  than  in  Pier.  Sedgwickii, 
It  needs  only  to  compare  the  fore- part  of  the  jaw  of  the  great  Chalk  Pterodactyle  with 
the  same  part  of  the  still  larger  species  from  the  Greensand,  to  be  convinced  of  their 
specific  distinction. 

The  difference  is  still  more  marked  between  Pterodaciylui  Sedgwickii  and  the 
Pterodactyhu  compressirostria,  Ow.,  from  the  Chalk.  The  rapid  increase  of  depth  as 
the  jaw  extends  backward,  in  Pter.  giganteui,  Bk.,  shows  that  that  comparatively 
small  species  cannot  be  the  young  of  the  present  truly  gigantic  Pterodactyle  of  the 
Tipper  Greensand.  The  author,  therefore,  has  founded,  on  &ie  above-described  fossil, 
a  new  species,  at  present  the  largest  known  in  the  order  of  Flying  Saurians,  which 
he  proposes  to  dedicate  to  the  Woodwardian  Professor  of  Geology  in  the  Universitv 
of  Cambridge,  who  for  forty  years  has  dischai^  the  duties  of  that  office  with 
exemplary  zeal  and  a  rare  eloquence,  has  almost  created  the  Museum  still  called 
Woodwardian,  and,  during  the  same  period,  has  enriched  geological  science  by  origi- 
nal researches  which  have  thrown  light  on  its  most  obscure  and  difficult  problems. 

Ptbrodacttlus  Fittoni,  Owen. — ^This  species  is  also  founded  on  the  fore-part 
of  the  upper  jaw  of  a  Pterodactyle,  with  the  first  and  second  pairs  of  alveoli.  In  the 
minor  depth  of  the  jaw  compared  with  its  basal  breadth,  in  its  more  obtusely  rounded 
tipper  surface,  and  in  the  greater  extent  of  space  between  the  alveoli  of  the  same  size, 
this  maxillary  fragment  indicates  a  very  distinct  species  from  the  PterodactyluM  Sedg* 
wiekU,  but  one  probably  not  much  inferior  in  size.  The  author  dedicates  it  to  his 
friend  Dr.  Fltton,  F.R.S.,  one  of  the  Founders  of  the  Geological  Society  of  London, 
and  who  may  be  regarded  as  the  discoverer  of  the  system  now  called  '  Neocomian,' 
which  includes  the  Greensand  matrix  of  the  Flying  Reptiles  under  consideration. 

The  sockets  in  the  present  fragment  may  answer  to  the  second  and  third  in  the 
foregoing,  though  there  scarcely  seems  room  for  a  pair  in  advance  of  the  foremost  in 
the  present  specimen ;  be  that  as  it  may,  the  distance  between  the  first  and  second 
socket  in  the  specimen  of  Pterodactylus  tittoni  is,  relatively  to  the  size  of  the  socket, 
greater  than  the  interval  between  the  second  and  third  sockets  in  Pterodactyhu  Sedg* 
wickii,  and  much  greater  than  that  between  the  second  and  third  sockets.  The  outer 
wall  of  the  largest  anterior  socket  in  Pter.  Fittoni  is  much  less  prominent  than  in  Pter. 
S^gwickii,  and  the  lateral  expansion  of  the  fore-part  of  the  upper  jaw  must  have 
been  relatively  less :  the  form  of  the  bony  palate  is  different,  there  being  a  distinct 
though  shallow  longitudinal  groove  on  each  side  a  low  obtuse  median  ridge.  The 
diastema  between  tne  second  and  third  tooth  is  shown  to  exceed  the  long  diameter 
of  the  second  socket,  recalling  the  proportion  of  the  interspaces  in  Pterodactyls 
Cuvieri;  but  the  jaw  is  broader  in  proportion  to  its  height  in  Pterodactyhu  Fittoni. 

Pterodacttlus,  Bp.  inc. — ^This  is  represented  by  a  portion  of  an  upper  jaw 
including  a  part  of  two  sockets,  in  one  of  which  the  root  of  the  tooth  remains. 
The  outer  wail  of  the  jaw  is  nearly  flat,  very  slightly  convex  below,  and  as  slightly 
concave  above,  vertically  ;  the  upper  margin  showing  no  indication  of  any  bend  or 
inclination  to  the  upper  border  of  the  jaw,  the  height  or  vertical  diameter  of  which 
remains  conjectural :  that  it  was,  at  least,  one-third  more  than  the  portion  preserved, 
may  be  estimated  from  the  extent  of  the  socket  of  the  tooth  being  equal  with  the 
preserved  part  of  the  wall.  A  coat  of  roughish  cement,  one-third  of  a  line  thick,  is 
preserved  upon  the  upper  half  of  t^e  tooth-root;  below  this  is  seen  the  smooth 
dentine ;  and,  where  it  is  broken,  the  pulp-cavity  is  exposed,  filled  by  the  greensand 
matrix.  The  length  of  the  implanted  part  of  this  tooth  is  1  inch  4  lines ;  the  long 
diameter  of  the  transverse  fracture  at  the  base  of  the  crown  is  i  an  inch,  the  short 
diameter  is  4^  lines.  Estimating  the  length  of  the  exserted  enamelled  crown  to  equal 
that  of  the  inserted  cemented  base  of  the  tooth  of  a  Pterodactyle, — and  it  is  sometimes 
greater  in  the  long  anterior  laniariform  teeth, — ^we  may  assign  a  length  of  2  inches  8 
fines  to  the  teeth  implanted  in  the  part  of  the  upper  jaw  here  described.  The  interspace 
l)etween  the  two  sockets  is  3^  lines,  or  half  that  of  the  long  diameter  of  the  socket : 
the  plane  of  the  opening  of  the  socket,  and  the  interspace,  present  the  same  obliquity 
as  they  do  in  Pterodactyhu  Sedgwickii ;  and,  as  the  proportion  of  the  interspace  to 
the  socket  is  also  the  same,  the  present  fragment  has  most  probably  belonged  to  a 
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lai^ger  individual  of  the  sftme  speciefl.  Since  the  outer  border  of  the  sockets  doss  not 
swell  out  beyond  the  outer  wail  of  the  jaw,  the  fragment  has  been  part  of  the  jaw 
situated  behind  the  anterior  swelling  caused  by  the  proportionally  large  prehensile 
teeth ;  and  as,  from  the  analogy  of  known  Pterodactyles,  the  teeth  sucoeeding  those 
anterior  ones  are  not  of  larger  size,  but  are  usually  smaller,  at  any  posterior  part  of  the 
jaw,  we  may  therefore,  with  due  moderation,  frame  an  idea  of  the  Pterodactyle  to 
which  the  present  maxillary  fragment  belonged,  as  surpassing  in  size  that  to  which  the 
portion  of  the  jaw  of  Pier.  Sedgwickii  belonged,  in  the  proportion  in  which  the  socket 
m  the  present  exceeds  the  last  socket  in  that  fragment.  Such  an  idea  impels  to  a 
close  scrutiny  of  every  character  or  indication  of  the  true  generic  relation  of  the  pre- 
sent fragment  in  the  reptilian  class :  but  the  evidence  of  the  large  and  obviously  pneu- 
matic vacuities,  now  filled  by  the  matrix,  and  the  demonstrable  thin  layer  of  compact 
bone  forming  their  outer  wall,  permit  no  reasonable  doubt  as  to  the  pterosaorian 
nature  of  this  most  remarkable  and  suggestive  fossil. 

All  other  parts  of  the  flying  reptile  being  in  proportion,  it  must  have  appeared, 
with  outstretched  pinions,  like  the  soaring  Roc  of  Arabian  romance,  but  with  the 
demoniacal  features  of  the  leathern  wings  with  crooked  claws,  and  of  the  gaping 
mouth  with  threatening  teeth,  superinduced. 

I^th  of  the  large  Pterodactyle, — Various  teeth,  but  few  quite  entire^  have  been 
rescued  by  the  care  and  perseverance  of  Mr.  Lucas  Barrett,  from  the  rubbish  of  frag- 
mentary fossils  accumulated  during  the  diggings  for  phosphatic  nodules  in  the 
Greensand  deposits  near  Cambridge.  Guided  by  the  proportions  of  length  to  breadth, 
by  the  elliptic  section,  and  the  concordance  of  the  minute  markings  on  the  crown 
and  base  with  those  on  the  portions  of  teeth  remaining  in  the  above-described  jaws 
of  Pterodactyhu,  many  of  the  above-detached  teeth  can  be  satisfactorily  referred  to 
that  genus. 

The  base  or  implanted  part  of  one  of  the  largest  of  these  teeth  has  belonged  to  a 
Pterodactyle  as  large  as  that  represented  by  the  fragment  of  jaw  last  described ;  it 
presents  the  same  elliptical  transverse  section  as  the  implanted  base  of  the  tooth  in 
that  fragment,  shows  a  widely  excavated  pulp-cavity  at  the  base,  and  gradually  tapers 
to  the  crown :  the  cement,  about  |rd  of  a  hne  in  thickness,  is  roughened  by  longi- 
tudinal grooves,  not  continuous  for  any  great  length,  but  uniting,  or  bifurcating,  in  an 
irregular  reticulate  pattern,  forming  long  and  very  narrow  meshes,  the  raised  inter- 
spaces being  e(jual  in  breadth  to  the  grooves.  In  a  few  teeth  the  base  shows  an 
oblique  depression,  evidently  due  to  the  pressure  of  a  successional  tooth ;  in  these 
the  basal  pulp-cavity  is  more  or  less  filled  up  by  ossification  of  the  pulp.  The 
enamel  of  the  crown  seems  smooth  and  polished ;  and,  under  the  lens,  shows  only 
extremely  delicate,  slightly  and  irregularly  wavy,  longitudinal,  but  often  interrupted 
or  confluent  ridges. 

Portions  of  the  scapular  arch,  the  humerus,  antibrachial  and  carpal  bones  were 
next  described.  The  distal  end  of  the  metacarpal  of  the  fifth  or  winged  finger  is 
trochlear ;  but  the  pulley  is  more  complex  than  in  other  animals  with  similar  joints, 
there  being  three  convex  ridges  traversing  the  articular  surface  from  behind  forward^ 
and  describing  more  than  half  a  circle ;  the  middle  ridge  less  produced  than  the 
lateral  ones  which  form  the  sides  of  the  pulley.  The  direction  of  the  ridges  is  rather 
oblique.  The  outer  ridge  is  rather  more  prchduced  and  of  a  less  regular  curve  than 
the  inner  ridge.  The  outer  ridge  begins  bjr  a  rising  at  the  middle  of  the  fore- part  of 
the  dbtal  end  of  the  shaft,  which  bends  obliquely  outward  and  meets  the  outer  angle 
of  that  part  of  the  shaft  where  the  outer  trochlear  ridge  begins  to  be  prominent ;  this 
ridge  then  extends  with  a  feeble  convex  curve  to  the  back  part  of  the  trochlea,  where 
the  convexity  of  the  curve  increases,  and  it  terminates  by  projecting  a  little  beyond 
the  level  of  the  outer  almost  flattened  side  of  the  trochlea.  The  articular  surface,  as 
it  extends  from  the  margin  of  this  element  of  the  trochlea  inward,  is  first  gently 
convex,  then  sinks  to  a  concave  channel  by  the  side  of  the  low  median  convexity. 
The  inner  ridge  begins  from  the  inner  side  of  the  fore- part  of  the  bone,  and  describes 
a  pretty  regular  semicircular  curve  as  it  extends  backward  and  a  little  outward,  to 
terminate  near  the  middle  of  the  back  part  of  the  distal  end  of  the  shaft ;  thus,  owing 
their  obliquity  to  a  termination  of  the  inner  ridge  near  the  middle  of  the  back  part, 
and  to  the  beginning  of  the  outer  ridge  near  the  middle  of  the  fore  part,  of  the  meta- 
oarpal  bone,  these  principal  ridges  of  the  trochlear  joint  recede  from  each  other  «t 
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(he  middle  of  the  ioiat>  and  approximate  at  the  fore  and  back  ends  of  the  joint.  As 
the  back  ends  of  the  two  lateral  ridges  are  on  the  same  transverse  line,  and  the  front 
end  of  the  inner  ndge  rises  higher  apon  the  shaft  than  that  of  the  outer  ridge,  this 
is  by  so  much  the  shorter  of  Uie  two.  The  low  middle  ridge  is  much  shorter  than 
either  of  the  lateral  ones,  being  confined  to  the  lower  and  middle  part  of  the  trochlea^ 
to  which  it  gives  an  undulating  transverse  outline. 

The  portions  of  the  wing-bones  of  the  Pterodact^les  of  the  Cambridge  Greensand, 
here  described  and  figured,  show  the  same  superior  proportions  over  those  of  the 
great  Pterodactyles  from  the  Kentish  Chalk,  as  do  the  portions  of  jaw-bones  and 
teeth. 

The  long  diameter  of  the  expanded  end  of  the  largest  of  the  wing-bones  of  a 
Pterodactyle  from  the  Cambridge  Greensand  is  3  inches. 

The  transverse  diameter  of  the  distal  end  of  the  humerus  of  the  Pterodactylus 
grandis,  Cuv.,  the  largest  species  hitherto  obtained  from  the  Lithographic  Slates  of 
Germany,  is  1  inch  3  lines ;  neither  the  radius,  ulna,  nor  metacarpal  of  the  wing-bone 
of  the  same  species  presents  a  diameter  of  its  largest  end  equalling  1  inch. 

The  articular  end  of  the  long  wing- bone,  3  inches  thick,  being  most  probably  that 
of  an  antibrachial  bone,  and  the  total  length  of  the  bone,  whether  radius  or  ulna« 
being,  according  to  the  proportions  of  either  of  these  bones  in  the  Pterodactylu9 
fuevicui,  16  inches,  the  following  would  be  the  length  of  the  other  large  bones  of  the 
wing  in  the  large  Pterodactyle  to  which  the  above-cited  specimen  belonged,  according 
to  the  proportions  which  the  other  wing- bones  bear  to  the  radius  or  ulna  in  the 
Pterodaciylus  tuevicw : — 

ft.  in.  lines. 

Humerus    1    0    0 

Radius    1     4     0 

Metacarpus  or  wing-finger 1     8    0 

First  phalanx  of  wing-finger 2    3    0 

Second  phalanx  of  wing-finger 1     9    0 

Third  phalanx  of  wing-finger 1     6    0 

Fourth  phalanx  of  wing- finger 1     1     0 

Total  length  of  long  bones  of  one  wing.  •   10    ^    0 

Supposing  the  breadth  of  the  Pterodactyle  between  the  two  shoulder-joints  to  be 
8  inches,  and  allowing  2  inches  for  the  carpus  and  the  cartilages  of  the  joints  of  the 
different  bones  in  each  wing,  we  may  then  calculate  that  a  large  Pterodactylut 
Sedgtoickii  would  be  upborne  on  an  expanse  of  wings  of  not  less  than  22  feet  from 
tip  to  tip. 

The  author  looks  forward  with  confidence  to  future  acquisitions  of  remains  of  the 
truly  gigantic  Plerodaciylus  of  the  cretaceous  periods,  more  especially  from  the 
Greensand  locality  near  Cambridge,  as  a  means  of  throwing  more  light  o^  the  peca- 
liar  osteology  of  tne  extinct  flying  reptiles. 

For  the  opportunities  at  present  afforded  him,  he  expressed  grateful  acknowledge 
ments  to  his  old  and  much  esteemed  friend  the  Rev.  Professor  Sedgwick,  F.R.S. ;  to 
the  acute  and  active  Curator  of  the  Woodwardian  Museum,  Mr.  Lucas  Barrett, 
F.G.S. ;  to  James  Carter,  Esq.,  M.R.C.S.,  Cambridge ;  and  to  the  Rev.  G.  D« 
Liveing,  M.A.,  of  St.  John's  College,  Cambridge. 


On  the  Skekton  of  a  Seal  from  the  Pleistocene  Clays  of  Stratheden,  in 
Fifeshire.    By  D.  Page,  F.G.S. 

The  Springfield  brick-works,  where  the  only  remains  of  the  Seal  family  which  had 
yet  been  discovered  in  any  of  our  post-tertiary  deposits*  were  found,  are  about  nin« 

*  Since  the  meeting  at  Leeds,  portions  of  the  skulls  of  two  seals  have  been  found  by  Mr. 
JamiesoD  in  the  Pleistocene  beds  of  Aberdeenshire,  and  the  pelvic  bones  of  another  in  the 
brick-clays  of  Kirkcaldy,  Fifeshire.  It  would  also  appear  from  the  Transactions  of  the  Wer- 
nerian  Society  of  Edinburgh,  that  about  thirty  years  ago  ''the  remains  of  a  quadruped,  sup- 
posed to  be  those  of  a  seal,*'  were  discovered  in  the  brick-clays  of  Falkirk,  in  the  upper  bann 
of  the  Forth. 
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miles  from  the  open  sea  of  St  Andrew's  Bay,  more  than  fire  from  the  highest  influeiice 
of  the  tide  in  the  estuary  of  the  Eden ;  and  the  clav  liiiis  rise  from  120  to  150  feet  abort 
the  medium  tide-level  of  the  German  Ocean.  There  are  several  well-marked  ancisnt 
sea-margins  in  the  valley  of  the  Eden,  whose  estuary,  now  only  about  three  miles 
long,  and  less  than  a  mile  in  breadth,  must  have  extended  fully  twenty- five  mika 
inland,  and  ranged  from  two  to  five  miles  in  width.  The  most  marked  of  these  o)d 
sea-levels  are  at  20,  40,  60,  90,  150,  and  200  feet  above  the  present  sea — the  lowest 
yielding  shells,  &c.  wholly  of  the  existing  shores,  though  overlying  a  well-rosrked 
submerged  forest  of  pine,  oak,  birch,  hazel,  alder,  and  other  British  trees ;  the  second 
containmg  bones  of  the  whale,  and  several  shells  of  boreal  species;  the  third  and 
fourth  rarely  containing  remains,  and  the  fourth  bones  of  whales  and  the  skeleton 
now  in  question.  The  clay  in  which  the  skeleton  was  imbedded  is  a  bright  red  plastie 
clay,  evidently  derived  from  the  waste  of  the  Old  Red  Sandstone  of  Upper  Stratheden, 
when  the  waves  washed  the  bases  of  the  present  hills,  and  the  streams  brought  down 
firom  the  Lower  Ochils  the  dSbris  of  the  same  formation.  It  contains  no  boulders  or 
pebbles,  and  appears  to  have  been  a  tranquil  deposit  in  water  of  considerable  depth 
and  removed  from  the  influence  of  drift,  either  vegetable  or  animal,  from  the  adjacent 
&hores»  It  rests  on  the  true  boulder  clay,  which  is  there  a  dark  blue  tenacious  mass 
of  great  thickness,  and  replete  with  boulders  of  granite,  syenite,  greenstone,  gneiss, 
quartz,  and  other  primary  formations.  The  descending  section  shows— arable  soil 
and  sandy  clay  3  feet ;  laminated  sand  1  foot ;  from  15  to  20  feet  of  red  plastic  cisy, 
in  which  the  skeleton  was  imbedded  at  a  deptli  of  12  feet — the  whole  being  under- 
laid by  blue  boulder  clay  of  unknown  depth.  From  the  position  of  the  red  day, 
and  the  disposition  of  the  associated  gravel  mounds,  it  is  evident  that  it  is  younger 
than  the  boulder  bed  on  which  it  resU,  and  that  it  is  as  old  at  least  as  the  150-leet 
beach,  and  greatly  older  than  the  silts  and  gravels  which  in  the  Forth,  Clyde,  and 
Tay  have  yielded  remains  of  whales,  antlers  of  gigantic  red  deer,  skulls  of  the  Bos 
longifrofUf  wolf,  bear,  and  beaver,  and  shells,  many  of  which  are  of  boreal  species. 
How  much  younger  than  the  boulder  clay  we  have  no  direct  means  of  determinii^ 
though  evidently  much  older  than  the  human  occupation  of  Britain,  which  must  have 
then  been  sunk  to  a  depth  of  from  150  to  200  feet  below  its  present  level.  As  regards 
the  skeleton  itself  (which  is  that  of  a  young  animal,  and  in  a  wonderfUl  state  of  pre- 
servation^, it  seems  to  be  a  pretty  widely  divergent  variety  of  the  common  seal 
(Pkoca  vUuUna),  if  not  a  distinct  species ;  a  point,  however,  that  yet  awaits  the  precise 
determinations  of  the  comparative  anatomist.  If  the  same  as  the  existing  seal,  then 
it  invests  that  creatore  with  a  high  degree  of  antiquitv ;  if  of  a  difierent  species 
(boreal  or  more  southerly),  then  it  shows  the  high  age  of  these  brick-days,  and  may 
assist  to  identify  their  position  in  other  localities. 


FarOier  CanirilnUioM  to  the  PahetnUohgy  of  the  TUeUones  or  Silurio- 
Devonian  Strata  of  Scotland.    By  D.  Page,  F.G.S. 

Without  entering  on  tlie  stratigraphical  relations  of  these  tilestones  (which  would 
be  discussed  at  a  subsequent  meeting),  he  might  simply  mention,  that  part  of  them,  as 
in  Lanarkshire,  seemed  to  cap  and  form  portion  of  the  Upper  Silurians,  whHe  the 
lareer  pordon,  the  Forfarshire  flagstones,  undoubtedly  constituted  the  basis  of  the  Old 
Red  Sandstone ;  hence,  with  a  view  to  avoid  all  discussion  in  the  mean  time,  he  had 
ranked  the  whole  as  "  Silurio- Devonian,*'  or  *'  Pterygotan  Beds."  Beginning  with 
the  Lanarkshire  beds,  he  had,  since  the  Griasgow  meeting,  been  enabled  to  add  several 
new  forms  to  the  fossil  Fauna  of  that  district,  for  as  yet  no  trace  of  vegetation  had 
been  detected  in  these  strata.  In  addition  to  Trochtu  helicUes  and  Lunula  cornea, 
which  were  then  known,  he  had  now  to  add  Pterinea,  Orthonota,  Nueuia^  Amcula, 
Orihoeerat,  and  other  well-marked  Ludlow  or  Upper  Silurian  shells.  To  the  Crusta- 
ceans then  known,  viz.  Beyrichia^  Ceraliocarii,  and  HimatUhoptertu,  he  had  now  to 
Udd  several  discoveries  which  rendered  the  structure  of  these  curious  crustaceans  more 
apparent,  besides  the  detection  of  two  entirely  new  forms,  which  he  would  venture  to 
term  provisionally  Stylonurus  tpmipeM  and  S.  clavipes,  in  allusion  to  theur  pointed  s^Ie- 
•hap^  caudal  termination,  and  to  the  characteristic  form  of  their  swimming  padres, 
or  third  pair  of  organs  which  spring  from  the  under  side  of  their  cephuo-thorsx. 
Turning  to  the  Forfarshire  beds,  which  in  1855  were  known  to  yield  little  more  dian 
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obacmre  vegetable  fonns,  Parha  decipiena  of  Lyel),  Plerygotut,  and  Cephalaapia,  he 
was  now  enabled  to  add  several  new  and  gigantic  forms  of  Fucoids,  a  Cyelopleris,  and 
a  Lepidodendroid  stem,  which  was  clearly  of  terrestrial  origin.  To  the  Fauna  he  has 
added  gigantic  Foralites  and  Scolites,  or  annelid  burrows  and  annelid  tracks,  and  an 
organism  which  appeared  to  be  the  remains  of  an  annelid  itself.  There  had  also  been 
discovered  several  new  portions  of  Pterygottu,  which  rendered  the  true  structure  of 
that  gigantic  crustacean  much  more  apparent ;  and  he  had  also  been  enabled  to  de- 
scribe and  figure  two  new  crustaceans  under  the  names  of  Kampecaria  and  Stylonurua^ 
the  latter  closely  related  in  structure  to  Eurypterus,  and  approaching  the  forms  of 
those  found  in  the  Lanarkshire  strata.  To  CefktdamU,  of  which  little  more  was 
known  than  the  head  and  bony  ring.plates  of  the  body,  he  had  now  to  add  a  well- 
marked  corneous  eye-capsule,  a  pair  of  pectoral  fins  (or  rather  swimming  paddles),  a 
subdorsal  fin,  and  the  true  form  of  the  lam  heterocercal  tail ; — so  that,  instead  of 
figuring  this  much-caricatured  fish  as  had  hitherto  been  the  case,  as  a  saddler's  knife 
for  the  head,  and  a  parsnip  with  a  few  radicles  for  the  body,  we  could  now  restore  it 
as  a  legitimate  and  elegant  fish,  much  resembling  in  general  contour  the  armed  bull- 
head  or  Aspidophorus  of  our  present  shores.  There  had  also  been  discovered  a  vast 
number  of  fin-spines  or  IchthyodoruHles,  which  were  yet  undescribed ;  and  a  small 
fish  with  fin  spines  and  shagreen-like  scales,  to  which  he  had  eiven  the  name  of  Icti- 
neeephaius  granulatui,  in  allusion  to  its  kite-shaped  head  andsnagreen-covered  body. 
For  the  discovery  and  preservation  of  these  new  fossil  forms,  nalseontolo^sts  were 
mainly  indebted  to  James  Powrie,  Esq.,  of  Reswallie,  Forfar,  ana  to  Mr.  Simon,  sur- 
geon, Lismahagow.  

On  Ae  Relations  of  the  Metamarphic  and  Older  Paheozoic  Bocks  in  Scoi- 
land.    By  D.  Page,  F.G.S. 

As  was  well  known,  a  laree  development  of  Silurian  strata  occurred  in  the  south  of 
Scotland,  dipping  northward  under  tne  Old  Red  Sandstone,  which  in  turn  underlaid 
the  coal-fields  of  the  Forth  and  Clyde.  Ou  the  northern  side  of  the  coal-basin,  the 
Old  Red  dipped  southward,  again  underlying  the  coal-measures ;  but  between  the 
Old  Red  and  the  Grampians,  no  true  representative  of  the  Silurian  system  bad  as  yet 
been  detected.  What,  then,  were  tlie  relations  of  these  rocks?  He  had  made  many 
sections  during  the  last  two  summers,  and  found  that  everywhere,  from  Stonehaven 
on  the  east  to  Bute  on  the  west,  a  thick  mass  of  trappean  conglomerate  succeeded  the 
crystalline  schists,  that  this  was  succeeded  by  the  fissile  grey  strata  of  Perth  and 
Forfar,  containing  Pterygotua  and  Cephalaapia^  these  by  the  **  Great  Pebbly  Cons^lo- 
merate,"  and  then  the  middle  Old  Red  with  Holoptychiua^  and  the  upper  yellow 
beds  with  Holoptychiua  and  Pterichthya,  The  Pterygotan  beds,  though  evidently 
approaching  the  upper  Silurians  of  Lanarkshire  in  fossil  characters,  were  still  the 
basis  of  the  Old  Rea ;  and  if  Silurian  strata  did  exist  on  the  southern  slopes  of  the 
Grampians,  geologists  must  seek  for  them  either  in  the  trap  conglomerate  and  grits 
below,  or  in  the  clav-slates  and  mica-schists  which  might  be  the  metamorphosed 
equivalents  of  the  Silurians  of  Peebles,  Roxburgh,  and  Dumfriesshire.  Two  con- 
clusions thus  presented  themselves :  either  the  physical  geography  of  the  north  had 
been  such  during  the  Silurian  era,  as  not  to  admit  the  deposition  of  strata ;  or  having 
been  deposited,  as  in  the  south,  they  had  been  subsequently  metamorphosed  and  aU 
traces  or  organic  life  been  obliterated  in  their  crystalline  structure.  Whichever  view 
might  be  aSopted,  we  had  in  the  mean  time  no  fossil  evidence  of  Silurian  strata  on 
the  southern  flanks  of  the  Grampians,  though  in  the  south  of  Scotland,  and  on  the 
tooth  side  of  the  great  basin  of  the  Clyde  and  Forth,  a  vast  development  of  lower, 
middle  and  upper  Silurians  had  been  traced  and  prettv  closely  exammed.  Grouping, 
therefore,  the  older  rocks  of  Scotland  according  to  the  present  state  of  our  inrorm- 
ation,  we  had  something  like  the  following  succession : — 

FsaMiAN Breccia  conglomerates  of  Aunandale. 

{Upper  and  True  Coal  Measures. 
Millstone  Grit  (feebly  indicated). 
Carboniferous  Limestone  (Marine). 
Lower  Coal  Series  (^tuarine). 
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''Yellow  Sandstone  of  Stratheden  and  Elgin. 
Red  Pebbly  Sandstones  of  Perth,  Forfar,  and  Berwickshire. 
Dark  Flagstones  of  Caithness  and  Orkney. 
Old  Hkd  Sandstome<^  Great  Conglomerates  and  Pebbly  Sandstones. 
1  Greyish  Red  Flagstones  of  Forfar,  Perth,  &c. 
I  Trappean  Conglomerate  and  Gritstones  (thick-bedded 
[      and  fissile),  flanking  the  Sonth  Grampians. 


(  Upper  Silurians  of  Lanarkshire. 


„  J  Middle  Silurians  of  Ayrshire. 

^'^""'^^ 1  Lower  Silurians  of  Peebles  and  Roxburgh. 

(  %*  Zone  of  unfossiliferous  grauwackc. 

i  Clay-Slates  (with  and  without  cleavage). 
Chloritic  and  Micaceous  Schists. 
Hornblende  Schist  and  QuartziUc  Group. 
Gneiss  and  Granitoid  Schists. 


On  a  recently'discovered  Ossiferous  Cavern  at  Brixhaniy  near  Torquay. 
By  VV.  Pengelly,  F.G.S. 


Notice  of  some  Phenomena  at  the  Junction  of  the  Oranite  and  SchiiloH 
Rochs  in  West  Cumberland,    By  Professor  Phillips,  LL,D,y  F.B.S. 

The  author  referred  in  the  first  place  to  some  excellent  obser\'ations — the  only  ones 
he  had  met  with — of  Professor  Scagwick  on  the  little  visited  region  of  slate  and  gra- 
nite in  the  extreme  south-west  of  Cumberland,  Following  in  his  steps.  Prof.  Phillips 
had  found  an  extremely  interesting  variety  of  phenomena,  from  wtiich  a  few  were 
selected  for  the  present  communication,  and  illustrated  by  maps  and  sections. 

He  described  three  orders  of  phenomena,  all  due  to  some  form  of  heat  action, 
observed  by  himself  in  the  slate  district  of  Black  Comb,  and  on  the  north-west 
border  of  tliat  mountain.  In  the  mountain  of  Black  Comb,  the  black  slates,  much 
contorted^  are  not  in  a  metamorphic  state.  Several  dykes  or  interposed  bands 
of  granite  (elvan)  lie  in  the  slates  of  the  north-western  part  of  Black  Comb ;  thev 
very  slightly  afiect  the  condition  of  the  slates.  Round  a  considerable  part  of  Black 
Comb  tne  green  slate  series  is  metamorphic,  and  the  series  of  changes  is  such,  tliat 
from  unaltered  slate  at  one  end,  new  structures  appear  and  augment  (not  very  regu- 
larly), 80  as  at  the  other  end  to  complete  a  green  or  black  porphyry.  Agate  con- 
cretions appear  in  some  places  in  long  pipes  parallel  to  cleavace  dip.  This  remark- 
able series  of  changes  is  traced  with  great  precision  in  a  bold  narrow  ridge  of  rock 
near  Bootle,  one  end  of  which  almost  touches  the  black  slate,  the  other  is  met  by  a 
tongue  of  granite.  Near  the  junction  the  granite  is  hornblendic  (syenite) ;  it  enters 
the  metamorphic  series  in  veins  of  fissure,  and  produces  on  that  series  further  smaU 
changes  of  colour  and  texture  apparently  proportioned  to  the  mass  of  the  introduced 
rock.  Thus  in  one  district,  possibly  due  to  one  general  cause,  the  earth's  internal 
lieat,  but  operating  through  long  time,  under  different  conditions,  three  distinct  orders 
of  phenomena  appear,  for  each  of  which  a  special  investigation  is  necessary,  and  to 
which,  when  fully  understood,  a  special  explanation  may  be  applied. 

On  the  HamaHte  Ores  of  North  Lancashire  and  West  Ousnberland* 
By  Professor  Phillips,  LL.D,,  F.R,S,i  and  Mr.  R.  Barkbb,  Jud- 

Prof.  Phillips  embodied  in  his  remarks  on  the  iron-ores  of  North  Lancashire,  the 
substance  of  a  communication  from  Mr.  R.  Baker,  jun.,  '  On  tlie  Haematite  Deposits 
of  West  Cumberland.'  The  districts  of  North  Lancashire  and  West  Cumberland,  to 
which  reference  was  made,  were  rich  in  deposits  of  peroxidated  iron  ore,  and  were 
now  producing,  probably,  not  less  than  one  million  of  tons  per  annum.  Notwitb- 
standmg  their  value,  they  had  not  been  carefully  examined  until  a  recent  period,  but 
some  interesting  geological  phenomena  had  now  been  observed,  which  threw  consider- 
able light  on  the  age  of  the  iron-ore  forroations  of  West  Cumberland  and  North  Lan- 
pashire.    The  iron  ore  of  these  districts  was  found  in  immediate  connexion  witb 
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mountain  limeston^i,  and  many  persons  had  been  in  the  habit  of  regardhag  the  ore  aa 
t>f  the  same  age  as  the  mountain  limestone,  and  as  being  part  of  the  limeslone  series  j 
but  a  careful  observation  of  the  district  of  North  Lancashire  would  go  far  to  remove 
this  opinion.  Running  across  the  mountain  limestone  of  that  district  were  vast  and 
often  devious  hollows,  and  it  was  in  tliese  hollows  that  the  ore  is  found,  lying  upon 
the  limestone,  and  resting  on  one  side  against  what  was  evidently  a  great  line  of  fault, 
as  well  as  in  the  fissures  and  hollows  of  the  rock,  with  all  the  indications  of  a  later 
deposit.  The  communication  of  Mr.  Baker  showed  by  very  exact  sections  and  de- 
scriptions, that  iron  ore  was  not  confined  to  limestone,  but  was  also  to  be  found  in  con- 
nexion with  the  adjacent  slate  formations,  showing  that  it  was  not  a  deposit  peculiar  to 
the  limestone.  1'ho  opinion  which  Professor  Phillips  had  formed  on  this  subject  he  by 
no  means  wished  to  be  accepted  as  a  nositive  conclusion ;  but  the  position  of  the  ore, 
upon  the  faults  of  the  limestone  as  well  as  in  the  fissures  and  hollows  of  the  rock,  went 
to  prove  that  it  was  a  subsequent  formation.  The  date  to  which  it  could  with  most  pro- 
bability be  referred  was  that  of  some  parts  of  the  Permian  deposits.  He  was  inchned 
to  believe  that  the  lines  of  faults  and  fissures,  and  the  sinuous  hollows,  sometimes 
cavernous,  in  the  limestone,  which  had  been  excavated  or  modified  by  water,  were 
due  to  the  action  of  causes  which  preceded  the  period  of  the  Permian  system,  and 
that  the  iron  formation  might  generally  be  referred  to  the  age  of  the  Permian  rocks, 
and  occasionally  to  a  still  later  date,  namely,  that  of  the  New  Red  Sandstone.  He 
was  satisfied  that  the  iron  ore  of  Lancashire  and  Cumberland  could  not  with  proba- 
bility be  referred  to  the  period  of  the  mountain  limestone. 


On  a  New  Method  of  determining  the  Temperature  and  Pressure  at  which 
various  Rocks  and  Minerals  were  formed.    By  H.  C.  Sorby,  JF.R.S* 

If  a  tube  be  filled  with  air  at  any  particular  temperature  and  pressure,  and  be  after- 
wards taken  to  a  place  where  the  temperature  or  pressure  is  dififereut,  the  change  in 
tlie  volume  of  the  air  would  enable  us  to  calculate  the  difference  in  the  temperature, 
if  the  dificrence  in  pressure  were  known,  or  to  ascertain  the  difference  in  tne  press- 
ure, if  the  difference  in  the  temperature  were  known.  Where  crystals  are  artificially 
formed  from  solution  in  water,  they  catch  up  and  hermetically  enclose  iu  their  solid 
substance  small  quantities  of  that  liquid,  so  as  to  produce  fluid-cavities,  which,  from 
the  nature  of  the  circumstances  under  which  they  originate,  are  just  full  of  the  liquid 
at  the  temperature  and  pressure  at  which  they  are  formed.  This  fluid  is  also  afiected 
by  changes  in  temperature  and  pressure,  only  that  of  course  the  actual  amount  of  the 
change  of  dimensions  and  the  laws  connecting  it  with  the  temperature  and  pressure 
are  not  the  same  as  in  the  case  of  air.  if,  then,  a  crystal  be  formed  at  an  elevated 
temperature,  but  under  no  very  great  pressure,  when  it  cools  down  to  the  ordinaiy 
heat  of  the  atmosphere,  the  fluid  in  these  cavities  contracts,  so  as  to  leave  a  vacuity, 
the  relative  size  of  which  must  of  course  depend  upon  the  height  of  the  original 
temperature.  Such  fluid- cavities  are  easily  seen  witbii  suitable  magnifying  power, 
and  the  relative  size  of  the  vacuity  can  be  measured  by  means  of  the  micrometer. 
Applying  these  principles  to  the  study  of  natural  crystals,  it  is  found  that,  whilst  some 
indicate  a  temperature  not  materially  higher  than  that  of  the  atmosphere,  many  must 
have  been  formed  at  a  heat  rising  upwards  to  that  of  dull  redness,  which  is  especially 
the  case  with  igneous  and  metamorphic  rocks.  If,  however,  the  crystals  were  formed 
under  a  very  great  pressure,  of  course  the  above  conclusions  would  be  invalidated, 
and  the  calculated  temperature  would  be  too  low ;  but  if  we  could  form  some  approxi- 
mation to  the  actual  temperature,  we  could  deduce,  fVom  the  relative  size  of  the 
vacuities  in  the  fluid-cavities,  the  pressure  under  which  the  crystals  were  generated. 
Where  the  fluid-cavities  in  granite  rocks  are  studied  in  this  manner,  they  lead  us  to 
conclude  that  such  rocks  were  formed  under  a  very  great  pressure,  varying  in  diflerent 
cases,  but  of  such  a  magnitude,  as  clearly  points  to  their  deep-seated,  plutonic  origin* 


On  some  Pecuharilies  in  Me  Arrangement  of  the  Minerals  in  Igneous 
Rocks.    By  H.  C.  Sorby,  F.R.S. 
In  both  recent  and  ancient  igneous  rocks,  it  is  not  at  all  unusual  to  find  crystals  of 
a  mineral  that  fuses  at  only  a  moderatdy  high  temperature,  acting  as  the  nuolei  qi| 
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which  crystals  of  a  far  less  ftisible  mineral  have  been  formed.  Thus,  for  instance,  lo 
the  lava  of  Vesuvius  crystals  of  leucite  have  very  ofWn  been  deposited  on  nuclei  of 
augite.  If  it  were  supposed  that  the  temperature  at  which  the  minerals  crystaNised 
was  the  same  as  that  of  their  own  fusing-point  when  heated  alone,  this  would  appear 
to  be  a  very  unintelligible  circumstance,  but  can  easily  be  explained  bv  suppcotng 
that  the  fused  rock  is  simply  a  liquid  melting  at  a  high  temperature,  which  is  ^ipaUe 
of  dissolving  various  minerals,  in  the  same  manner  that  the  very  fixsible  liquid  water 
dissolves  various  salts.  If  a  solution  of  bichromate  of  potash,  nearly  saturated  at  the 
freezing-point  of  water,  be  slowly  frosen,  small  crystals  of  ice  are  formed,  and  on 
these  are  deposited  small  crystals  of  bichromate  of  potash,  which  can  no  longer  beheld 
in  solution  in  the  diminished  quantity  of  liquid  water.  Here  then,  as  in  uie  above- 
named  instance  of  the  arrangement  of  the  crystals  in  lava,  crystals  of  a  veiy  fusible 
substance  act  as  the  nuclei  on  which  far  less  fusible  crystals  are  deposited ;  and  if 
we  suppose  that  there  is  a  perfect  analogy  between  the  two  cases, — that  both  were 
liquids  holding  various  substances  in  solution, — the  arrangement  of  the  minerals  in  the 
igneous  rock  uo  longer  presents  any  special  or  exceptional  peculiarity. 

On  the  Currents  present  during  the  Dq)osiiion  rf  the  Carbaniferaus  and 
Permian  Strata  in  South  Yorhshire  and  North  Derbyshire.     By  H.  C 

SORBY, -FJ2./S'. 

This  was  a  continuation  of  a  branch  of  geology  on  which  the  author  has  published 
several  papers,  pointing  out  how  the  direction  and  characters  of  the  currents  present 
during  the  deposition  of  stratified  rocks  can  be  determined  (Report,  1855,  p.  97). 
The  neiehbournood  of  Shefiield  is  extremely  well  fitted  for  this  inquiry ;  and  fromre- 
siding  there  the  author  has  been  able  to  examine  minutely  a  large  tract  of  counby, 
and  lay  down  the  direction  of  the  current  in  manv  hundred  localities  on  large  niaM, 
which  were  exhibited.  The  chief  conclusions  derived  from  these  are,  that  during  tne 
period  of  the  millstone-grit  there  was  a  very  uniform  general  current  from  the  north- 
east, slightly  interfered  with  by  a  tide  setting  from  the  north-west,  and  by  the  acdon 
of  surface-waves  and  wind-drift  currents  produced  by  the  powerful  westerly  gales. 
This  general  north-east  current  was  also  present  during  the  deposition  of  Uie  gritstone 
beds  in  the  lower  part  of  the  coal  strata,  in  the  shales  associated  with  which  genuine 
marine  shells  are  found,  but  ceased  towards  the  central  portion,  more  productive  in 
coal,  where  such  marine  shells  do  not  occur.  In  that  part  of  the  series,  in  different 
localities  and  beds,  the  currents  were  from  all  parts  of  the  compass ;  but  on  the  whole 
are  chiefly  from  the  west,  as  if  in  some  way  or  other  connected  with  the  prevailing 
westerly  winds  and  wind-drift  currents,  which  here  prevailed  independent  of  the  tiM 
or  general  north-east  current,  on  account  of  the  connexion  with  the  main  sea  baring 
been  cut  <^.  During  the  deposition  of  the  magnesian  limestone  the  sea  appears  to 
have  been  subject  to  a  very  decided  tide,  rising  and  falling  with  great  uniformity  from 
W.S.iy.  to  E.N.E.,  amongst  a  number  of  shoals  on  which  surface-waves  stranded, 
ohiefly  produced  by  easterly  winds.  The  millstone-grit  and  lower  coal-measures 
therefore  present  us  with  an  admirable  example  of  the  action  of  a  aimple  current, 
flowing  only  in  one  direction ;  whereas  the  magnesian  limestone  is  a  very  excellent 
illustration  of  the  efiect  of  oscillating  currents  moving  backward  and  forward  in  a 
particular  line,  like  the  currents  produced  by  the  rise  and  fadl  of  the  tide. 


On  the  Geology  of  the  Scilly  Isles. 
By  tlie  Rev.  Francis  F.  Statham,  BA,y  F.G.S. 
The  author  referred  to  the  erroneous  impressions  which  generally  prevail  with  re- 
gard to  the  size,  number  and  character  of  the  Scilly  group,  which  he  described  as 
presenting  many  features  of  interest  independently  of  Uieir  curious  geologic  pbeoo- 
mcna.  It  consists  of  a  cluster  of  small  islands  or  rocks  145  in  number,  varying  in 
size  from  the  mere  solitary  crag  jutting  out  at  low  water  from  the  surface  of  the  ocean, 
to  the  Isle  of  St.  Mary,  which  is  the  largest,  the  most  populous,  and  the  most  fertile 
of  the  whole,  measuring  about  3  miles  by  2),  and  containing  an  estimated  area  of 
about  1640  acres.  They  lie  in  latitude  49°  57'  N.,  and  in  longitude  6®  43'  W.,  bear- 
ing W.  by  S.  firom  Land's  End,  and  due  W.  from  the  Lizard,  from  the  former  of 
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vhich  poiiita  they  are  digtant  litUe  more  than  27  miles  in  a  straight  line ;  though  the 
distance  from  Penzance  Pier  (the  usual  starting-place  for  vessels  from  the  main  land) 
is  ahout  40  miles  to  St.  Mary's  Pool.  So  far  from  being  mere  rugged  rocks,  these 
islands  afford  a  pleasant  home  to  between  2000  and  3000  inhabitants ;  the  total  popu- 
lation having  been  computed  in  1851  at  2601  souls,  the  majority  of  whom  dwell  upon 
St  Mary's,  though  five  of  the  other  islands,  viz.  Tresco,  St.  Martin's,  St.  Agnes, 
Br3rher,  and  Sampson,  have  a  scattered  population  upon  them  nearly  in  proportion  to 
their  relative  size.  As  the  character  of  the  rocks  (being  almost  exclusively  granitic) 
is  very  similar  to  that  of  the  extreme  promontory  of  Cornwall,  it  has  been  suggested 
by  some  writers  that  they  may  have  been  originally  united  with  the  main  land ;  and 
traditions  are  not  wanting  of  a  very  ancient  date  which  might  serve  to  confirm  this 
opinion,  were  there  not  many  countervailing  reasons  to  be  alleged  in  opposition. 
From  the  circumstance  that  the  Gulf  or  Woolf  Rock,  which  lies  midway  between 
Scilly  and  Land's  £nd,  is  of  greenstone  and  not  of  granite,  and  that  in  dredging  the 
sea-bottom  between  these  two  points,  shells  and  sea-weeds  have  been  occasionally 
brought  up  clinging  to  greenstone  or  clay-slate^  it  is  conceived  that  a  tract  of  metamor- 
phic  rocks  exists  beneath  the  ocean  between  the  mainland  and  the  Scilly  Isles,  and 
that  they  are  thus  outliers  only  of  the  great  granitic  range  of  Devonshire  and  Corn- 
wall. Many  circumstances  tend  to  prove  that  ^e  conformation  of  the  islands  is  very 
different  now  from  what  it  has  been  even  within  historic  times.  Local  tradition 
asserts  that  in  former  days  there  was  a  narrow  causeway  by  which  persons  could 
^ass  across  Crow  Sound  from  St.  Mary's  to  St.  Martin's,  and  the  ledge  of  rock  which 
IS  visible  at  low  water  a  little  below  the  surface  in  this  part  is  still  called  "the 
Pavement"  Then  again  the  Gugh,  which  in  the  time  of  Borlase  (about  100  years 
ago)  is  described  as  "  a  part  of  Agnes  and  never  divided  from  it  but  by  high  and 
boisterous  tides,"  is  now  always  an  island  at  spring  tides,  and  there  is  sufficient  depth 
of  water  in  the  mid-channel  for  a  boat  to  snoot  across  the  bar.  These  considera* 
tions  would  seem  to  show  that  there  has  been  a  decided  sinking  of  the  land  in  these 
islands,  even  during  the  last  century ;  and  another  fact  which  came  to  the  author's 
knowledge  while  sojourning  for  a  few  weeks  in  the  isles  confirms  this  opinion,  'ilie 
masons  who  had  been  engaged  in  laying  the  foundations  of  a  large  warehouse  be- 
longing to  Mr.  Edwards,  a  short  distance  from  the  Strand,  in  the  Pool  of  St 
Mary's,  when  they  had  duff  down  several  feet  below  the  surface,  came  across  the 
remains  of  former  wooden  buildings,  which  at  one  period  must  have  been  on  a  level 
irith,  if  not  above  the  sea,  although  at  that  time  considerably  below  it  Possibly  at 
no  very  remote  period,  geologically  speaking,  the  whole  of  this  group  to  the  ncortb, 
including  Bryher,  'i'resco,  St  Martin's,  and  the  adjoining  islets,  have  formed  one  con- 
tinuous island,  as  the  soundings  even  now  between  the  contiguous  portions  are  very 
•hallow,  and  several  of  them  can  be  reached  from  the  others  by  walking  over  the 
luirs  at  low  water.  With  reference  to  the  question  of  continuity  at  any  former  period 
with  the  mainland,  Mr.  Statham  gave  some  curious  particulars  of  the  tradition  re- 
specting a  tract  of  country  called  the  "  Lionesse,"  formerly  alleged  to  have  united 
Skilly  with  Cornwall,  and  referred  to  the  junction  of  the  slate  with  the  CTanite  at 
Marazion  Bay,  and  also  at  a  point  immediately  behind  Penzance  Pier.  He  had  made 
diligent  search  throughout  several  of  the  islands  to  try  and  discover  any  traces  of  a 
similar  collocation  of  rocks  in  Scilly ;  and  although  he  had  not  found  sufficient  to 
warrant  him  in  asserting  the  fact  of  a  former  continuity,  he  had  met  with  unmis- 
itakeable  proofs  of  the  existence  of  clay-slate  both  on  the  Garrison  Hill  and  on  the 
top  of  Newford  Down ;  which  served  to  show  that  the  Scillian  group  was  more  closely 
allied  in  the  structure  of  its  rocks  to  the  formations  on  the  mainland  than  had  pre- 
viouslv  been  supposed.  The  position  in  which  the  traces  of  slate  rock  were  found 
were  in  a  pit  to  the  light  of  the  path  leading  firom  the  Star  Fort  on  the  Hugh,  to  the 
two  dismantled  windmills  on  the  summit  of  the  Down ;  and  similar  indications  had 
presented  themselves  in  a  pit  not  far  from  the  telegraph  station  at  the  summit  of 
Newford  Down, 

The  author  next  adverted  to  the  different  aspect  of  the  islands  as  visited  from  the 
SW.  or  theN.,  where  they  are  subjected  to  the  wear  and  tear  of  the  rough  Atlantic 
waves,  and  to  their  smootn  and  rounded  appearance  when  approached  from  the  main- 
land. To  the  violence  of  the  ocean,  lashed  into  fury  by  the  wintry  gales,  he  attributed 
the  craggy  and  rugged  appearance  of  the  rockS|  the  existence  of  caverns,  and  of  pro- 
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inent  headlandB  in  tbese  directions ;  and  he  c;ftve  a  singular  exemplification  of  the 
power  of  water  so  agitated  to  alter  the  face  of  things  by  adverting  to  the  fact,  that  in 
the  Greater  Crebawethan  large  boulders  of  granite,  from  half  a  ton  to  two  tons  in 
weight,  have  been  lifted  bodily  out  of  the  sea,  and  have  been  lodged  in  large  heaps,  as 
though  the  ballast  of  a  dozen  vessels  had  been  piled  upon  the  top  of  the  island,  pro- 
bably 18  or  more  feet  above  the  surface  of  the  ocean  at  the  highest  spring  tides.  As 
the  geologic  features  of  St.  Mary's  seemed  to  be  reproduced  on  a  smaller  scale  in  the 
other  islands,  the  author  next  proceeded  to  give  a  detailed  account  of  its  most  im- 
portant characteristics.  The  various  soils  superimposed  upon  the  granite  in  this 
uland  he  described  as  the  following  : — 1.  A  black  surface  soil  composed  of  deca3'ed 
vegetable  matter,  and  in  many  places  largely  intermixed  with  snnd,  either  blown  up 
from  the  adjoining  beach,  or  derived  from  intermixture  with  the  underlying  stratum. 
2.  A  fine  white  ash-coloured  sand,  in  some  places  (as  in  the  pit  just  l>elow  the  Na- 
tional Schools)  containing  fragments  of  shells  imbedded  in  it.  8.  A  dark  reddish 
or  chocolate-brown  clay,  in  many  parts  of  considerable  thickness,  and  having  ans:ular 
blocks  of  half-decomposed  granite  disseminated  through  it.  4.  A  stratum  of  loose 
grit  or  rubbly  granite  locally  called  "  ram,"  sometimes  so  comminuted  as  to  look  at 
a  short  distance  off  like  a  bed  of  cream-coloured  lime  or  sandstone,  but  more  fre- 
quently coarse,  and  in  the  portions  resting  upon  the  granite  mingled  with  large  fros- 
mentary  masses  of  that  rocK ;  and  finally,  in  the  low  and  marshy  ground,  as  at  Holy 
Vale,  and  in  tlte  neighbourhood  of  Camfriars,  traces  of  a  band  of  whitish  pipeclar, 
the  position  of  which  ought  most  probably  to  be  placed  above  the  last-named  deposit. 
The  best  locality  for  seeing  at  one  view  these  various  beds  is  a  pit  immediately  below 
Mount  Flagon,  on  the  bridle-path  leading  towards  Porthloo  Bay.  The  beds  here 
seen  are  mimbered  1  to  6,  downward.  Between  Nos.  3  and  4  the  road-path  inter- 
venes, and  No.  5  constitutes  the  low  cliffs  at  this  part  of  Permellin  Bay.  The 
stratum  No.  2  seems  to  take  its  rise  a  little  beyond  Cam  Morval  Point,  where  it  can 
be  seen  capping  the  cliff,  which  is  here  much  higher,  and  running  along  the  line  of 
coast.  It  gradually  thickens  as  it  approaches  St.  Mary's  Bay,  where  it  assumes  the 
greatest  depth,  forming  in  the  neighbourhood  of  the  National  School,  and  in  a  section 
nearly  opposite  the  Church,  sand-pits  of  considerable  depth,  from  which  large  quantities 
of  sand  are  being  continually  carted  for  the  purposes  of  ballast  or  manure.  Other  sec- 
tions, precisely  similar  to  the  above,  are  to  be  found  more  inland,  the  most  interesting 
of  which  is  perhaps  that  in  a  pit  by  the  side  of  the  road  at  the  Green  leading  towards 
New  Quay.  The  stratum  of  sand  here  is  not,  it  is  true,  more  than  6  inches  diick ; 
bat  lying  as  it  does  under  about  8  inches  of  soil,  uoon  one  of  the  highett  poinU  in  the 
island,  the  section  is  valuable,  as  showing  that  in  all  probability,  at  one  time  the  whole 
of  the  surface  of  the  island  has  been  capped  with  sand  which  has  been  washed  away 
tnm  those  portions  where  it  is  now  deficient,  leaving  the  underlying  stratum  of  brown 
day  visible.  But  there  is  another  very  curious  geologic  feature  which  will  tell  the 
same  tale  of  the  former  submergence  of  the  land,  to  allow  of  these  arenaceous  accu- 
mulations upon  its  highest  points.  Immediately  behind  the  Guard  House,  inside  the 
gateway  of  the  garrison  on  the  Hugh,  is  a  kind  of  shallow  cavern,  which  is  now  used 
as  a  place  for  storing  lumber.  The  rough  blocks  of  granite  have  fallen  from  the  top 
of  the  entrance,  so  as  to  form  a  rude  arch ;  and  imbedded  in  the  rock  forming  the 
sides  of  the  entrance,  are  to  be  seen  several  large  roimd  boulders  of  granite,  almost  as 
regular  as  if  ihey  had  been  turned  in  a  lathe,  and  compactly  fixed  in  the  matrix  of 
the  rock.  Now  this  spot  is  considerably  above  the  present  level  of  the  sea  (probably 
from  150  to  180  feet),  and  the  boulders  of  granite  have  all  the  marks  of  having  been 
long  rolled  on  a  rough  sea-beach.  Moreover,  the  author  was  assured  by  the  same 
masons  as  those  referred  to  above  (two  brothers  of  the  name  of  Williams),  that  they 
had  been  encaged  in  repairing  the  Guard  House  floor,  and  in  digring  beneath  it  they 
found  other  boulders  of  precisely  the  same  character  as  those  at  the  sides  of  the  cave 
firmly  imbedded  in  the  soil.  It  is  manifest  then  that  the  spot  now  adjoining  the 
Guard  House  must  once  have  been  on  a  level  with  the  surrounding  sea,  or  at  any  rate 
at  no  great  elevation  above  it,  in  order  to  account  for  the  presence  of  these  rounded 
boulders  so  deeply  impacted  in  the  solid  rock.  It  becomes  interesting  therefore  to 
inquire  whether  there  are  any  traces  of  vdcanic  or  subterranean  action  still  visible  in 
the  islands,  to  which  this  upheaving  of  the  land,  after  one,  or  it  may  have  been  ft«- 
qaent  rabmenioBs^  may  be  attributed.  Mr.  Statfaam  entered  lai^gelf  into  this  part  of 


Digitized  by  VjOOQ IC 


TRANSACTIONS  OF  THB  SECTIONS.  Ul 

big  Bttbjeet,  and  showed  that  several  trachytio  veins  existi  which  wUl  partly  account 
not  only  for  the  elevation  of  the  land  alter  its  submergence  beneath  the  ocean,  but 
for  the  innumerable  cracks  or  joints  which  are  almost  universally  traceable  in  the 
sranite  of  these  islands.  In  the  direction  of  the  Causeway,  which  at  low  water  joins 
Tavlor's  Island  to  the  main  land  of  St.  Mary's,  he  had  detected  one  such  vein  or 
dyxe  about  12  feet  wide,  and  having  the  granite  materially  altered  in  character  on 
each  side  of  the  erupted  matter.  To  the  existence  of  this  dyke  he  attributed  the 
alteration  in  the  character  of  the  granite  on  Taylor's  Island,  which  exhibits  crystals 
of  tourmaline,  replacmg  the  mica.  On  the  north  side  of  Portbloo  Bay  likewise  he 
had  found  at  low  water  portions  of  a  porphyritic  ridge  running  parallel  with  the  line 
of  coast  stretching  out  to  Newford  Island  about  N.W.  by  W.  But  by  far  the  most 
interesting  relic  of  igneous  action  in  St.  Mary's  is  to  be  found  in  the  Elvan  Course  in 
WatermiU  Bay,  near  New  Quay,  to  the  N.£.  of  the  island ;  and  the  author  fully  de- 
scribed it,  and  gave  a  detailed  account  of  his  theory  for  explaining  the  apparent  stra* 
tification  of  the  granite  in  the  immediate  neighbourhood.  A  description  of  several 
of  the  most  striking  groups  of  the  rocks  concluded  the  paper,  with  some  curious 
focts  as  to  the  wearing  action  of  the  atmosphere  and  moisture  in  the  direction  of  the 
joints  in  the  granite,  which  had  produced  some  extraordinary  configurations,  particu- 
larly at  the  Puipit  rock,  the  Tooth  rock.  Giant's  Castle,  and  in  Forth  Hellick  Bay. 

On  the  Superficial  Deposits  (^the  Valley  of  the  Aire  at  Leeds. 
By  Thomas  P.  Teale,  F.L.S. 

In  1852  numerous  large  bones  were  discovered  in  the  brick-earth  nearLeeds,  which, 
bein^  taken  to  Mr.  Denny,  the  able  and  zealous  Curator  of  the  Leeds  Philosophical 
and  Literary  Society,  were  identified  by  him  as  the  bones  of  the  Hippopotamus.  A 
fine  collection  of  these  bones,  along  with  the  remains  of  other  mammalia,  are  now 
preserved  in  ihe  Museum  of  this  Society  in  Leeds. 

The  geological  age  of  the  deposit  in  which  the  bones  were  found  became  a  question 
of  great  interest;  and  in  the  hope  of  contributing  in  some  d^ee  to  its  solution,  I 
venture  to  ofier  die  following  observations  to  the  British  Association. 

I  have  no  hesitation  in  stating  that  the  Hippopotamus  tnqfor  is  the  particular  speeief 
found  in  the  valley  of  the  Aire.  In  this  opinion  I  am  ocmfirmed  by  Mr.  Woodward 
of  the  British  Museum,  and  by  Dr.  Falconer.  Of  this  animali  the  Leeds  Museum 
possesses  the  bones  of  at  least  four  individuals  of  different  ages  and  sizes.  The 
skeleton  of  one  of  these  is  nearly  entire.  The  vertebrse  and  cranium  were  found 
lying  in  their  proper  relative  position,  the  ribs  also,  and  the  bones  of  the  extremities. 
^The  bones  had  not  the  least  appearance  of  being  drifted  or  water-worn.  Besides  the 
bones  of  Hippopotamus,  the  tibia  and  portion  of  tusk,  and  some  other  bones  of  aa 
elephant  were  found,  but  these  are  not  sufficient  to  determine  the  specific  form  of 
elephant.  The  lower  jaw  of  a  gigantic  oif,  presumed  to  be  the  Urus,  the  jaws  and 
horn-cores  of  smaller  oxen,  the  horns  of  a  large  round-an tiered  deer,  of  a  smaller 
deer,  and  the  bones  of  a  horse  were  also  found  in  the  same  deposit.  To  determine 
the  age  of  this  fossiliferous  deposit,  it  is  necessary  to  take  a  survey  of  all  those 
materials  which  overlie  the  outbreak  of  the  coal  formation  in  the  Vale  of  Leeds. 

These  may  be  arranged  under  three  distinct  heads,  each  of  which  requires  separate 
consideration : — Ist.  1  he  blue  day,  which  is  the  oldest  2ndly.  The  vellow  clay. 
Srdly.  The  warp,  the  newest  in  order  of  deposition  in  which  the  mammalian  remains 
were  found. 

1.  The  Blue  Cktff, — In  many  localities  is  found  a  clay  of  a  more  or  less  blue  colour 
on  first  being  exposed,  but  becoming  brownish  or  yellowish  on  exposure  to  the  air. 
Wherever  this  blue  clay  is  found  in  the  Leeds  district,  it  immediatelv  overlies  the  out- 
break of  the  coal  formation.  It  occurs  in  irregular  and  isolated  patches,  often  abruptly 
sloping  ofi",  and  evidently  showing  that  it  owes  the  apparent  irregularity  of  its  distn- 
bution  to  the  operation  of  denuding  causes.  It  is  seen  m  the  Vale  of  Leeds  at  140  feet 
above  the  sea- level ;  on  the  north  of  the  river  it  is  found  at  various  elevations,  up  to 
the  higher  lands  between  the  Aire  and  the  Wharfe ;  for  example,  at  Nether  Green,  at 
175  feet  of  sea-level ;  at  Woodhouse  Moor,  300  feet;  at  Adel,  375  feet;  at  Yeadoa 
Colliery^  420  feet.  On  the  south,  between  the  Aire  and  Calder,  it  ii  found  at  yarioui 
el«T«ti«i«»  imd  at  Adwalton  ii  taen  at  the  davatioa  of  600  feat 
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The  rocky  contents  of  this  Uue  clay  are  of  considerable  interest,  as  tiicy  eoosist  ef 
rolled  or  far-travelled  stones.  At  Nether  Green,  these  are  chiefly  tandrtones  of  great 
hardness,  and  of  polished  surface.  At  Woodhouse  Moor,  these  hard  n^ed  sandsteoet 
are  in  great  numbers,  and  occasional  masses  of  cherts  from  the  mountain  limestoiie. 
The  nearest  locality  for  this  cherts  is  25  miles,  but  it  may  probably  have  trayelleddO 
or  80  miles.  At  Adel,  along  with  the  hard  polished  sandstones,  boulders  of  cbertz  and 
of  mountain  limestones  occur.  These  must  have  been  drifted  over  the  higher  ranges 
of  land  between  the  Aire  and  the  Wharfe,  and  not  swept  down  the  Talieya.^  Portions 
of  triqs-rock  have  also  been  found  in  the  blue  clay  at  Adel,  and  also  a  piece  of  red 
porphjrry,  which  cannot  have  been  derived  from  a  nearer  source  than  Westmorekod. 
At  I  eadon  the  hard  polished  sandstones  occur  with  abundance  of  cherts  from  the 
mountain  limestone. 

2.  The  Yellow  Clay» — This  clay  is  invariably  found  overlying  the  blue  day, 
wherever  they  co-exist,  and  resting  on  the  coal-measures  only  in  the  places  where 
they  have  been  denuded  of  the  blue  clay.  It  is  spread  out  more  extensively  than  the 
blue  clay,  but  like  the  latter,  its  distribution  is  irregular  from  the  effects  of  denudation. 
It  occurs  low  in  the  valley  at  Leeds,  and  ranges  on  the  heights  north  and  south  of  the 
Aire,  to  the  elevation  of  300  feet  at  Woodhouse  Moor,  375  feet  at  AdeU  420  feet  at 
Yeadon,  and  600  feet  at  Adwalton ;  in  all  these  localities  it  may  be  seen  overlying  the 
blue  clay.  At  similar  elevations  it  is  often  seen  resting  on  the  coal-measures,  where 
they  have  been  denuded  of  the  blue  clay.  The  yellow  clay  has  much  influence  in 
modifying  the  features  of  the  country  near  Leeds.  It  tends  greatly  to  soften  the 
harshness  of  outline  which  the  abrupt  outbreaks  of  the  member  of  the  coal  forma- 
tion would  have  occasioned. 

The  rocky  contents  of  the  yellow  clay  are  particularly  deserving  of  notice.  These 
stones,  often  of  large  size,  are  for  the  most  part  angular  or  subangular,  derived  from 
rocks  in  the  neighbourhood.  These  are  not  far-travelled  stones,  but  still  they  are 
travelled  stones,  and  are  not  resulting  from  the  mere  disintegration  of  the  rock»i» 
titu  from  aerial  causes.  This  may  be  proved  by  an  examination  of  such  stones  in  the 
yellow  clay  as  can  be  identified  with  the  parent  rock.  A  good  illustration  of  this 
occurs  at  Headin^ley,  in  the  grounds  of  Mr.  Hewitson,  who  kindly  directed  d%ging* 
to  be  made  to  assist  me  in  these  investigations.  In  one  of  these  the  yellow  clay,  8  or 
9  feet  thick,  rested  on  the  sandstone  shale  of  the  coal  formation.  At  this  pla(»  the 
day  contdned  great  numbers  of  stones,  knowu  as  '<  calliards."  These  are  sandstones 
of  great  hardness,  occurring  generally  in  masses  of  subrhomboidal  form.  The  bed  <ii 
rock  which  furnished  these  calliards  is  well  known  in  the  district,  and  has  its  out- 
break from  a  quarter  to  half  a  mile  north  of  Mr.  Hewitson's  digginss.  llie  stones 
therefore  must  have  travelled  this  distance.  These  stones  have  had  Uie  sharpness  of 
their  angles  somewhat  blunted ;  they  vary  in  size  from  a  few  inches  to  2  or  3  fret. 
Along  with  these  calliards,  in  the  same  clay  occur  great  numbers  of  stones  of  millstone 
grit,  somewhat  more  rounded  than  the  former,  but  not  polished  by  long  travel.  These 
stones  are  easily  recognized  as  bein?  derived  from  the  parent  rock  at  Weetwood, 
where  we  find  a  bed  of  very  coarse  millstone  grit,  easily  disinteg^ted,  having  its  oot- 
break  from  half  a  mile  to  three-quarters  of  a  mile  north  of  Mr.  Hewitson's.  Similfir 
observations  might  be  made  in  reference  to  other  known  rocks  of  the  district  occurring 
in  the  yellow  day. 

3.  The  Warp. — Under  the  name  of  warp,  I  would  describe  the  true  vallev  deposit 
of  the  Aire  at  Leeds.  The  deposit  is  familiarly  known  to  the  workpeople  of  the 
district  under  this  name. 

In  position,  the  wai'p  overlies  the  yellow  and  the  blue  clays  whenever  the  three 
co-exist  It  is  frequently  seen  resting  on  the  yellow  clay,  or  resting  on  the  blue  day 
when  it  has  been  denuded  of  the  yellow,  or  resting  on  the  coal-measures  where  they 
have  been  denuded  both  of  the  blue  and  yellow  clays.  At  Dickens  Street,  New  Wort- 
ley,  it  occupies  a  trough  formed  by  denudation,  resting  on  Uie  yellow  and  blue  day 
on  each  side,  and  on  the  coal-measures  in  the  middle.  At  Beeston  Vale  it  rests  sno* 
cessively  on  the  yellow  clay,  the  blue  clay,  and  the  coal- measures;  a  similar  airasg^ 
ment  is  observed  near  Sheepscar  Bar,  and  in  other  localities.  The  warp  is  spread 
over  the  valley  of  the  Aire,  producing  a  flat-looking  surface,  gently  doping  upwards 
at  the  sides  of  the  valley,  and  downwards  towards  the  estuary.  At  the  sides  of  the 
Vale  of  Leeds,  the  warp  shdvea  ofi*  a  little  below  the  sea-level  of  150  feet»  and  is  n^^ 
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Ibund  higher  than  thit  level  in  the  immediate  neighbourhood  of  Leeds.  Prolongation 
of  the  warp  may  be  traced  up  all  the  little  tributaries  of  the  Aire  in  this  district  as 
high  at  to  the  level  of  150  feet,  or  thereabouts. 

The  characters  of  the  warp  deposit  are  very  variable.  It  sometimes  approaches 
to  a  tolerably  mire  blue  or  yellow  clay,  but  generally  it  is  much  more  earthy  and 
dirty-looking  than  the  clays  before  described.  In  many  localities  it  is  very  sandy, 
and  indeed  passes  into  sand  and  gravel,  more  especially  in  the  central  parts  of  the 
YoUey.  It  contains  stones  of  very  variable  characteri  some  angular  and  suban- 
gular,  derived  from  no  great  distance ;  others  rounded,  polished,  and  faivtravelled.  It 
cHmtains  much  vegetable  matter,  as  roots  and  fibres.  Drifted  wood,  chiefly  oak,  is 
found  in  great  abundance  in  it ;  also  the  fir,  the  hazel,  and  abundance  of  leaves 
and  nuts.  In  the  vestibule  of  the  Leeds  Museum  is  the  tnmk  of  a  riven  oak  tree» 
split  as  if  by  lightning.  This  nortion  of  tree  was  found  in  the  warp  at  New  Wortley^ 
and  bears  evidence  of  the  violence  to  which  it  had  been  subjected.  The  remaining 
portion  of  the  tree  was  not  to  be  found  in  the  neighbourhood. 

In  its  composition,  the  warp  appears  to  exhibit  an  irregular  commixture  of  dis- 
placed blue  and  yellow  clays,  with  their  peculiar  rocky  contents,  and  also  of  a  surface 
earth  and  its  abundant  vegetation. 

If  I  may  be  allowed  to  speculate  upon  the  cause  of  displacement  and  rearrange- 
jDcnt  of  these  materials,  I  should  attribute  them  to  a  gigantic  land*flood,  similar  to 
what  we  now  occasionally  witness,  but  more  intense  and  more  prolonged.  By  such  a 
flood,  it  may  be  presumed  that  the  river  was  raised  from  its  ordinary  sea-level  of  60 
feet  to  an  elevation  of  150  feet,  displacing  extensively  within  its  range,  the  blue  and 
'yellow  clavs,  and  surface  earth,  and  vegetation ;  bringing  down  from  the  upper  parts 
of  the  Valley  of  the  Aire,  abundance  of  sand  and  gravel,  commingling  and  rear- 
ranging these  varied  materials,  forming  a  flattish  valley  surface  shelving  off  at  the 
aides  ahout  the  level  of  150  feet,  overlying  the  blue  and  the  yellow  clay  where  they 
exist  within  its  range,  and  overlying  the  coal-measures  where  they  have  been  denuded 
of  the  clays. 

In  this  deposit  were  found  the  remains  of  Hippopotamus  major,  an  elephant,  a 
gigantic  ox,  and  a  smaller  ox,  and  other  animals  probably  identical  with  existing 
species. 

The  iftferencei  which  I  draw  from  the  facts  now  recorded  are,— 

1st.  That  the  blue  clay,  overlying  the  outbreak  of  the  coal  formation,  containing 
far-travelled  stones,  and  occurring  at  various  elevations  as  high  as  600  feet,  is  the 
Glacial  Drift  of  submergence. 

2nd.  That  the  yellow  clay,  overlyine  the  blue,  occurring  at  the  same  elevations^ 
containing  travelled,  but  not  far-travelled  stones,  is  the  Glacial  Drift  of  emergence, 
occurring  under  a  gentler  current  than  the  former. 

3rd.  That  the  warp,  overlying  the  blue  and  yellow  clay  when  they  co-^xist,  and 
'restine  on  the  coal-measures  when  they  are  denuded  of  the  clays,  not  ranging  higher 
than  Uie  sea- level  of  150  feet,  containing  the  bones  of  extinct  mammalia,  is  a  newer 
deposit  than  the  glacial  drifts. 

4tl).  That  the  Hippopotamus  major  and  an  elephant  existed  in  these  lands  subse- 
quently to  the  Glacial  Age,  __^_ 

On  the  Fens  and  Submarine  Forests  of  Lincolnshire  and  ot/ier  LocaliHes. 
By  the  Rev.  Edward  Trollope. 

The  author  observed,  that  a  great  contest  between  the  sea  and  land,  leading  to 
frequent  changes  in  their  respective  boundaries,  had  certainly  been  raging  upon  the 
Lincolnshire  coast  for  centuries  before  the  arrival  of  the  Romans  in  Britain,  and 
that  period  when  written  records  began  to  be  kept.  The  ocean  had  from  time  to 
time  swept  far  beyond  its  natural  limits,  and  yet  little  by  little  it  had,  by  its  very 
fury,  aided  to  form  a  future  barrier  against  itself  by  the  accumulation  of  the  ailt  left 
upon  its  retreat,  in  concert  with  the  earthy  deposits  caused  by  the  continual  flow  of 
the  inland  waters.  At  one  time  the  sea  had  lorded  it  over  a  considerable  portion  of 
the  Lincolnshire  coast,  but  afterwards  fresh  water  became  in  the  ascendant,  and  had 
left  the  mark  of  its  reign  behind  it  in  the  form  of  soapy  blue  cla^,  varying  in  tint,  and 
uteonding  in  frtth- water  shells.    The  ocean,  however,  occasionally  gave  battle  to 

1858.  8 


Digitized  by  CjOOQIC 


114  BBPOBV'— 1858. 

the  fresh  water,  as  was  shown  by  the  existence  of  channels  filled  with  nMuiiie  sik 
running  up  into  the  blue  clay.  In  this  stratum  grew  up  trees  of  various  kinds,  as 
oaks  of  vast  size,  firs,  alders,  birch,  and  hazels,  whose  roots  were  yet  firmly  fixed  in 
the  soil,  while  their  innumerable  trunks  lay  prostrate  beneath  the  black  peaty  earth 
composed  of  decayed  vegetable  matter.  It  might  safely  be  assumed,  that  the  period 
of  the  growth  of  these  trees  lasted  for  five  ceuturies.  How  long  these  to  districts 
continued  to  be  covered  with  stagnant  fresh  water  after  they  had  wrought  sudi  tef^ 
rible  ruin  upon  thousands  of  acres  of  the  finest  forest  lands,  was  not  deducible  from, 
any  internal  evidence;  but  they  certainly  were  for  the  most  part  still  prevalent  when 
the  Romans  appeared  upon  the  scene.  They  proceeded  to  encircle  the  coast  with  a 
vast  sea  bank,  to  deepen  and  defend  the  outfalls  of  the  rivers,  and  to  construct  drains. 
But  besides  the  coastal  line  of  fen -lands,  there  were  vast  tracts  in  the  interior  d 
Lincolnshire  of  a  similar  character,  forming  in  the  aggregate  522,000  acres,  lying 
from  4  to  16  feet  below  hig^- water  level.  The  largest  of  these  extended  from  the 
Trent,  through  the  isle  of  Axholme,  into  Notts,  and  far  into  Yorkshire,  in  the  direcv 
tion  of  Doncaster.  It  might  fairly  be  assumed,  that  during  the  Roman  occupatkui, 
this  vast  tract  of  fen-land  bore  quite  a  different  character  to  what  it  had  since  done; 
that  it  had  a  gravelly  subsoil,  and  an  ordinary  earthy  surfkce,  covered  with  trees  ; 
not  usually,  if  at  all,  subject  to  floods ;  but  that  subsequently  it  became  more  or  less 
constautly  submerged,  so  as  to  destroy  its  previous  forest  growth,  and  to  cover  the 
bodies  of  the  former  vegetable  giants  of  the  district  beneath  an  earthy  deposit.  This 
great  change  had  usually  been  attributed  to  the  burning  of  the  forests  by  the 
Romans,  on  account  of  the  covert  which  they  afforded  to  swarms  of  suffering  Britons. 
There  were  apparent  signs  of  burning  about  the  stumps  of  some  of  the  trees,  bnt 
others  had  clearly  been  cut  down,  and  many  had  been  torn  up  by  the  roots.  The 
felled  trees  would  never  so  have  impeded  the  flow  of  the  inland  waters  as  to  convert 
an  immense  district  of  previously  dry  land  into  a  permanent  swamp,  as  had  been 
suggested ;  he  would  therefore  endeavour  to  find  another  solution  of  this  difiknlty 
in  connexion  with  a  still  more  remarkable  fact,  namely,  the  existence  of  the  remains 
of  a  submarine  forest  off  the  present  Lincolnshire  coast.  Along  the  shore  of  that 
county,  from  Sutton  to  Cleethorp,  many  banks  or  islands  were  from  time  to  time 
exposed  to  view.  These  were  usually  covered,  with  silt,  but  when  occasionally 
stripped  of  that  marine  deposit,  they  were  found  to  possess  a  substratum  of  moory 
vegetable  soil,  filled  with  the  roots  and  prostrate  trees  of  very  large  size,  accom- 
panied by  their  berries,  nuts,  and  leaves.  Two  questions  arose  in  connexion  with  these 
facts,  namely.  When  were  these  districts  severally  submerged  by  fresh  and  salt 
water  ?  and  by  what  agency  ?  Various  theories  had  been  advanced  for  the  purpose 
of  solving  these  problems,  the  principal  of  which  were  : — 1st,  the  interference  or  the 
Romans  with  the  natural  drainage ;  2nd,  a  change  in  the  coastal  line  through  the 
action  of  the  sea ;  3rd,  the  agency  of  earthquakes  causing  subsidence  of  the  earth. 
The  author  examined  in  succession  each  of  these  theories,  and  gave  his  opinion  in 
favour  of  the  last.  He  referred  to  the  existence  of  other  submarine  forests  at  various 
points  of  the  shores  of  Scotland,  £ngland,  and  Wales.  He  observed  that  this  theory 
might  seem  to  be  more  marvellous  than  the  preceding  ones,  and  therefore  less  likely 
to  be  true  in  the  opinion  of  those  who  were  unacquainted  with  geology ;  but  when, 
from  the  study  of  that  science,  they  found  that  certain  strata,  the  undoubted  deposit 
of  water,  were  now  upheaved  far  above  the  reach  of  that  element,  and  that  large 
tracts  of  land  had  sunk  beneath  it,  they  could  only  regard  such  changes  as  one  of  the 
usual,  but  always  wonderful  operations  of  nature. 

The  author  cited  other  instances  of  similar  phenomena,  and  in  conclusion  said 
that  he  was  inclined  to  think  that  a  slow  upward  movement  had  begun  to  take  place 
in  lar^  districts  of  Lincolnshire  long  ago,  and  that  by  means  of  carefully  conducted 
scientific  observations  this  would  hereafter  be  certainly  proved  and  accurately  mea- 
sured. The  filling  up  of  channels  and  estuaries  of  large  size  that  formerly  existed, 
and  the  rapid  growth  of  its  coast  at  various  points,  apparently  indicated  this ;  while 
the  known  gradual  but  continually  increasing  elevation  of  the  Danish  coast  and  parts 
of  Norway  greatly  strengthened  such  a  supposition. 
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BOTANY  AND  ZOOLOGY,  including  PHYSIOLOGY. 

Botany. 

Mm.  Bainbs,  of  York,  exhibited  a  bunch  of  grapes,  which  presented  the  peculiarity 
of  black  and  white  grapes  on  the  same  banch. 


On  the  Geological  Distribution  of  Plants  in  some  Districts  of  Yorkshire. 
By  Dr.  Carrington. 

The  chief  tract  taken  for  illustration  was  that  part  of  Craven  included  between 
Gordale  and  Kingsdale,  and  cut  off  on  the  south  by  the  magnificent  line  of  scars 
known  as  the  Craven  fault.  The  physical  and  geological  peculiarities  of  the  district 
were  minutely  described.  The  origin  of  the  present  vegetation  was  referred  to  dif- 
ferent periods ;  the  more  ancient  portion,  including  plants  of  boreal  type,  being 
probably  a  remnant  of  the  Pre-Glacial  Flora.  Tbe  species  found  in  Craven  are  600 
flowering  plants,  and  about  500  mosses  and  lichens. 

After  considering  the  present  state  of  our  information  as  to  the  geognostic  relations 
of  plants,  Uie  following  classification  of  strata  was  recommended,  each  group  being 
characterized  by  a  peculiar  Flora : — 1st,  Calcareous  formations,  highly  absorbent, 
acted  on  by  the  elements  chemically  rather  than  mechanically  (the  carbonic  acid  in 
water  dissolving  the  lime),  forming  a  dry,  scanty,  but  fertile  soil ;  3nd,  arenaceous 
formations,  disintegrating  freely,  and  producing  an  abundant  sandy  deposit,  on  a 
large  scale,  forming  absorbent,  barren  stations ;  3rd,  argillaceous  formations,  sub- 
ject to  rapid  abrasion,  forming  clayey  deposits,  comparatively  impermeable  and 
hygroscopic.  In  practice  we  find  these  often  mingled  together,  e,  g,  shales  with 
sandstones}  and  the  soils  frequently  differ  in  nature  from  the  rocks  they  cover, 
having  been  derived  from  distant  sources.  The  practice  of  agriculture  has  especially 
tended  to  minj^e  and  equalize  tbe  soils  of  various  districts. 

The  prevailing  rock  of  Craven  is  the  scar  limestone.  It  supports  the  greenest  of 
jMsturage,  and  most  of  the  rare  species  are  found  on  it,  e.  g.  Aettta  spieata,  Drahm 
Moano  and  D.  mmmUs,  Cardamine  impaHens,  Hutchin$ia  petnBa,  Hippoerepis  comosm, 
Dryaa  odopetala,  Saxifraga  opposiHfoUa,  Hieracium  Gibmmi,  Bartsia  alpina,  PriwnU* 
/artMOM,  Epipactis  ovalU,  OgpHpedium  eakeohs,  Lasirea  rigida,  and  many  character- 
istic  mosses  and  lichens ;  the  latter  deserving  especial  notice  from  growing  directly 
on  the  rocks.  The  prevailing  lichens  are  species  of  CoUema,  such  as  C  nigrum, 
tiggimm,  JhtviaiiU,  he.,  Parmelia  crassa,  P.  eakareat  Lecidea  lurida,  Candida,  im- 
merta,  saxatiUs,  aUearea,  &c.,  Verruearia  mmer«a>  Oagei,  Ihtfourii,  plumbea,  and 
•pipoliM.  The  sandstones  are  restricted  to  the  millstone-grit,  capping  Ingleborough 
and  other  summits,  upwards  of  2000  feet  high.  They  are  covered  by  a  coarse  browa 
vegetation  of  ling,  heath,  crowberry,  bilberry,  Juncus  sqnarrosus,  &c.  The  lichens 
•re  brown  and  golden  coloured,  e,  g.  species  of  Umbilicaria,  PanMUa  atra,  olivacea, 
sturicola,  badia,  murorum,  Lecidea  lapicida,  conflnens,  prominula,  fusco^atra,  and 
mpesiriB.  The  argillaceous  rocks  are  represented  by  the  Yoredale  shales  and  Lower 
Silurian  slates,  exposed  in  Ribblesdale  and  Chapeldale.  lliey  afford  damp,  dripping 
stations,  supporting  a  scanty  glaucous  vegetation  of  Equiseta,  rushes,  and  Carices, 
e.  g.  SeidMM  Rhodiola  and  S,  Telephium,  Saxifraga  aizoides,  Cai'duus  heierophgUus, 
Eqniseiwm  kgemale  and  variegatum,  Ail^orus  cri^us,  HymenopkgUum  Wilscni,  8co^ 
lopendrvm  rainosum,  &c.  Lichens :  ParmeHa  conspersa,  P,  sulphurea,  Sticia  herbacea, 
gghatica,  scrobiculata.  Nephroma,  Lecidea  confervQides,  geographica,  polytropa,  rivitr- 
toga,  and  many  others.  

Dr.  H BATON  exhibited  to  the  Section  a  specimen  of  a  plant,  which  bore  on  the 
same  branches  the  characteristic  leaves  of  twu  distinct  species  of  Cyt'fsus, 


Researches  on  the  Colours  of  Leaves  and  Petals. 
By  W.  E.  C.  NouRSE,  F.R.C.S. 

In  a  paper  published  by  the  author  in  the  '  Annals  of  Natural  History '  for  1845| 
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it  was  shown  that  immediately  heneath  the  caticle  of  leaves  and  petals  is  a  layer  of 
cells  of  small  size,  circular  form,  atid  variable  coloar,  which  is  named  the  BtU,  The 
central  layer  of  leaves  and  petals,  consisting  of  veins  and  larger  cells,  is  called  Uie 
Subiiance,     In  petals,  the  rete  contains  the  colours,  the  substance  being  nearly  or 

Suite  colourless.     In  leaves,  the  substance  contains  the  great  mass  of  green  colou, 
le  rete  superadding  the  dark  tints  and  marks.    The  present  paper  contains  farther 
observations  by  the  author. 

1.  Eight  instances  of  leaves  were  examined  during  the  autumnal  change  of  tiot. 
The  change  invariably  begins  in  the  rete  or  layer  of  cells  immediately  beneath  the 
cuticle,  whether  upper  or  under ;  and  extends  subsequently  to  the  substance.  The 
rete  is  thus  the  principal  seat  of  the  brilliant  autumnal  tints  of  leaves.  When  the 
change  begins  on  the  upper  surface  of  the  leaf,  it  is  first  seen  at  the  edges  and  in  the 
intervenous  spaces ;  when  on  the  under  surface,  it  is  first  observed  in  the  centre, 
and  in  contact  with  the  principal  veins. 

2.  The  examination  of  numerous  kinds  of  variegated  leaves  showed  that  variega- 
tion is  invariably  thus  produced :  the  young  leaves  are  unfolded  of  one  uniform  tiot; 
then,  when  the^  are  about  half- grown,  a  patch  of  some  other  tint  is  developed  oa  the 
upper  surface,  m  the  centre,  and  in  contact  with  the  principal  veins.  Variegation 
thus  obeys  an  opposite  law  to  that  which  regulates  the  autumnal  tints  and  the 
accidental  markings  of  leaves.  It  is,  furthermore,  of  two  different  descriptions;  io 
one,  the  edges  are  white  and  the  centre  green,  the  young  leaves  having  been  onfobied 
in  a  state  of  quasi-etiolation,  and  patches  of  green  being  afterwards  developed  in  the 
centre ;  in  the  other,  the  edges  are  green  and  the  centre  yellow,  the  young  leates 
being  green,  and  yellow  patches  being  afterwards  developed  near  the  midrib.  Is 
Loth  descriptions,  in  the  green  parts  of  the  leaves,  the  rete,  or  layer  of  cells  just  sob* 
jacent  to  the  cuticle,  affords,  as  usual,  the  deepest  green,  the  substance  being  of  m 
ordinary  green  all  through ;  and  in  the  light- coloured  parts,  the  rete  contains  what- 
ever colour  is  presented,  the  substance  being  whitish  all  through. 

The  patch  thus  developed,  in  one  case  yellow,  in  the  other  case  green,  begins  to 
appear  only  when  the  leaf  has  attained  some  growth,  and  has  consequently  exercised 
its  vital  functions  for  some  little  time  in  contact  with  the  atmos|^ric  air.  Thai, 
not  at  the  edges,  like  chance  markings  or  the  tints  of  incipient  autumnal  decay,  bat 
in  the  centre  of  the  leaf,  and  therefore  in  contact  with  the  principal  vdns,  appesrs 
on  the  upper  surface  the  patch,  of  either  colour,  and  from  those  veins  it  spreads. 
Hence  it  is  inferred,  that  the  colouring  matter  in  these  patches,  whether  green  or 
yellowish,  is  in  a  high  and  vigorous  state  of  development,  quite  diifferent  from  those 
tints  which  approximate  towards  decay.  An  accurate  microscopical  and  chemicsl 
examination  of  the  cells  and  their  contents,  both  of  rete  and  substance,  in  the  light- 
coloured  portions  of  variegated  leaves,  as  contrasted  with  the  green  parts,  is  a 
desideratum. 

3.  Of  the  ordinary  tints  and  markings  of  leaves,  eight  special  instances  were 
examined  ;  proving  that  the  substance  is  of  a  green  colour  which  is  very  nearly  om- 
form  in  all  leaves,  and  that  the  rete  is  the  seat  of  the  extra  tints  and  markings,  m 
regard  to  the  veins  and  surfaces,  these  extra  colours  are  invariably  in  one  of  two 
situations ;  either  in  contact  with  the  principal  veins,  and  in  such  case  most  con- 
spicuous on  the  under  surface  of  the  leaf;  or  else  quite  away  from  the  veins,  occo- 
pying  the  intervenous  spaces  and  edges  of  the  leaf,  and  then  mostly  seen  opon  the 
upper  surface.  Tliey  thus  obey  the  same  law  as  the  autumnal  tints,  and  are  probably 
of  similar  nature ;  contrasting  remarkably  with  the  law  above  stated  which  regulates 
variegation. 

4.  Numerous  specimens  of  petals  were  examined,  showing  the  absence  of  colour 
in  the  cuticle  and  substance,  and  the  localization  of  the  brilliant  colours  in  the  cd  » 
lying  just  beneath  the  cuticle,  here  called  the  rete.  The  most  highly  coloured  ceUs 
are  generally  the  smallest,  always  lie  densely  packed  together,  and  are  cotamoiuy 
roundish,  sometimes  elongated. 

6.  The  anomalous  organs  io  half-double  flowers,  partly  stamen  and  partly  pw, 
suggested  to  the  author  that  the  pollen  seemed  to  take  Uie  place  of  the  coloured  cei» 
of  the  rete  ;  and  that  the  cells  of  the  rete  in  leaves  and  petals,  became,  in  stamens, 
the  pollen -grains.  Sundry  specimens  were  therefore  examined,  to  ascertain  ^^^  y^ 
the  shape  and  size  of  the  pollen-grains  bore  any  relation  to  those  of  the  cells  in  ^^ 
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rete ;  but  no  resemblance  coold  be  made  out.  This  theory  has  yet  to  be  confirmed 
or  superseded  by  further  research,  llie  floral  envelopes  stand  in  mid-relation  to  two 
other  sets  of  organs.  Without,  we  find  their  analogues  in  the  bracts  and  leaves ; 
within,  they  are  represented  by  the  stamens.  We  have  thus,  in  an  advancing  order 
of  perfection  and  delicacy  of  organization,  first  the  leaves ;  then  the  petals ;  finally  the 
stamens, — organs  long  known  to  be  mutually  analogous,  and,  within  certain  limits, 
mutually  convertible : — the  leaves,  the  organs  most  concerned  with  the  nutrition  of 
the  individual ;  the  stamens,  most  concerned  in  reproducing  the  species ;  and  the 
petals,  organs  intermediate,  both  in  place  and  in  physiological  relation,  between  the 
two.  In  the  leaves,  the  brightest  colours,  both  in  life  and  decay,  obey  like  con- 
ditions, and  are  alike  contained  in  those  subcuticular  cells  named  the  rete ;  while 
the  great  mass  of  the  ordinary  green  colouring  of  the  leaf  is  contained  in  the  cells  of 
the  substance.  But  in  petals  the  substance  contributes  very  little  to  the  colours, 
and  the  rete  assumes  a  more  prominent  importance,  and  stands  out  as  a  more  distinct 
structure.  Here,  more  nearly  approaching  to  the  organs  of  reproduction,  the  cells 
of  the  rete  display  every  conceivable  variety  and  vividness  of  colour,  besides  being 
smaller  and  rounder  than  the  cells  of  adjacent  tissues.  Now  if  it  could  be  shown 
that,  in  the  stamens,  the  cells  which  in  a  petal  would  form  the  rete,  take  on  a  further 
and  more  advanced  development,  with  novel  functions,  and  become  the  pollen,  we 
should  then  understand  more  clearly  the  meaning  of  the  brilliant  colours  displayed 
in  the  petals,  and  should  recognize  the  rete-cells  both  in  petals  and  leaves,  as  con- 
stituting a  more  important  structure  than  at  first  appeared.  We  should  be  reminded 
of  the  connexion,  in  the  animal  kingdom,  between  brilliant  colours  (so  connected 
with  the  dynamic  effects  of  light)  and  the  function  of  reproduction ;  as  well  as  of 
those  instances  in  which  the  decay  of  the  individual  bore  a  relation  to  the  perpetu- 
ation of  the  species,  or  in  which  the  latter  function  was  held  in  abeyance  by  the  over- 
Aotrition  of  the  individual.  So,  it  is  at  the  commencement  of  decay  that  the  leaves 
most  simulate  the  bright  colours  of  petals.  So,  by  cultivation  we  over-nourish  a 
plant,  and  bring  about  significant  changes :  first,  the  pollen  disappears,  and  each 
stamen  becomes  developed  into  a  coloured  petal,  which  increases  as  we  continue  to 
nourish ;  then,  as  we  proceed  further,  the  plant  refuses  to  fiower  at  all,  and  instead 
of  petals,  are  produced  leaves ;  and  instead  of  flower-like  whorls,  tissue  is  developed 
between  them,  and  they  stand  apart  as  leaves. 

Should  this  view  be  confirmed,  it  might  be  worth  while  to  extend  the  examination 
to  Fem$,  to  see  whether  the  coloured  particles  of  the  rete  do  not  become  spores,  the 
cuticle  forming  the  covers.  The  highly  coloured  and  organized  cells  of  a  rete,  in 
plants  of  that  lower  stamp,  may  pass  directly  from  the  condition  of  leaf-colour  to 
that  of  the  seed-particles  of  the  species,  without  rec[uiring  the  complicated  inter- 
mediate states  and  processes  necessary  in  higher  organizations.  On  casual  inspection 
of  fronds,  in  various  stages  of  fructification,  the  opening  covers  certainly  look  like 
the  splitting  cuticle,  gaping  at  those  parts  to  give  exit  to  the  swollen  and  changed 
granules  of  the  rete. 

Finally,  there  remains  to  be  investigated  the  nature  of  the  changes  in  colour  both 
in  leaves  and  petals  which  are  wrought  in  contact  with  the  veins,  and  the  differences 
between  them  and  those  which  are  produced  apart  from  the  veins ;  the  further  con- 
ditions affecting  variegation,  both  in  leaves  and  petals ;  and  the  nature  of  those 
petal-colours  which  are  produced  m  the  unfolded  bud,  independently  of  the  influence 
of  light,  and  the  respects  in  which  they  differ  from  ordinary  petal-colours. 


Mr.  S.  Smith  exhibited  to  the  Section  some  balls  about  3  inches  in  diameter,  com- 
posed of  the  hairs  of  a  plant  which  he  had  picked  up  on  the  shores  of  the  Mediter- 
ranean. «.«__ 

On  Suburban  Gardens.    By  N.  B.  Ward,  F.ILS. 

The  author  commenced  his  paper  by  describing  the  impressions  made  upon  him 
in  early  youth,  in  a  voyage  to  Jamaica,  by  the  glorious  aspects  of  the  sea  and  sky, 
—the  dolphins  playing  about  the  bows  of  the  vessel, — the  flying  fish  alighting  on 
its  deck,  and  the  occasional  sight  of  an  albatros, — the  tropical  forms  of  vegetation 
on  the  beach  and  the  hilb» — and  the  mighty  world  of  wonders  on  the  coral  reefs. 

Digitized  by  LjOOQ  IC 


118  RBPORT — 1858. 

On  his  retarn  to  London  he  stated  the  oreftt  advantages  he  had  received  1 
panying  the  Professor  of  Botany,  under  the  patronage  of  the  Society  of  A\ 
in  repeated  herborizations  round  London,  which  gave  him  a  great  insight  bto  the 
natural  conditions  of  all  the  plants  within  twenty-five  miles  of  London.  Od  hk 
establishment  in  Wellclose  Square,  he  endeavoured  to  fulfil  these  conditkNis  io  a 
kind  of  terraced  garden  on  the  roof  of  his  brewhouse,  but  with  indiflferent  sacceet. 
This  garden  was  destroyed  by  fire.  A  subsequent  attempt  to  grow  ferns  and  monei 
proved  equally  unsuccessful  from  the  influence  of  smoke.  An  accident  led  bim  to 
the  employment  of  cases  sufficiently  close  to  exclude  soot  and  other  impurities,  aod 
to  retain  the  moisture.  The  first  important  application  was  the  conveyance  of  plinti 
to  and  from  distant  countries,  which  proved  so  successful  as  to  be  univenally 
adopted.  On  his  removal  to  Clapham  he  found  that  he  was  enabled  to  grow  graik 
numbers  of  plants  in  the  open  air  by  supplying  them  with  proper  food,  kci  and 
therefore  restricted  the  use  of  the  closed  cases  to  such  plants  as  could  not  with  all 
his  care  be  cultivated  in  the  open  sround.  He  expressed  his  belief  that  the  canee  of 
failure  in  the  cases  arose,  not,  as  had  been  stated,  from  the  quiet  condition  of  the 
atmosphere,  but  from  the  much  greater  heat  of  the  case  when  exposed  to  the 
summer  sun  without  a  blind,  the  thermometer  of^en  rising  from  20^  to  25°  higher 
than  in  the  open  air.  When  the  sun  is  obscured  the  temperature  in  the  cases  is  not 
more  than  from  2°  to  15°  higher.  It  is  his  firm  opinion,  that  where  the  natural  con- 
ditions as  regards  heat,  light,  moisture,  soil,  and  periods  of  rest  are  fulfilled,  the  un- 
disturbed state  of  the  air,  so  far  from  being  prejudicial,  is  of  great  service.  Thb 
fact  he  has  proved  with  numerous  plants ;  and  he  will  feel  extremely  obliged  to 
those  who  will  kindly  communicate  mstances  to  the  contrary.  What  streogtbeoi 
his  conviction  that  heat  is  the  cause,  is  the  fact  that  in  the  spring  and  early  summer 
months  no  cases  of  failure  arose.  He  exhibited,  among  other  plants,  specimeni  of 
two  fairy  roses,  the  one  having  been  in  a  case  for  three  or  four  years,  and  the  other 
above  twenty. 

\  

On  S0me  PraoUeal  Results  derivabkfrom  the  Siu(fy  rfBoiomjf, 
By  N.  B.  Ward. 

The  author  commenced  his  paper  by  observing  that  Botany  had  not  had  fair  plaf, 
and  that  in  many  ways  it  might  be  rendered  a  much  more  attractive  and  nseftil 
science.  In  the  formation  of  an  herbarium,  for  example,  he  considered  that  sodi  a 
collection  might,  in  numerous  instances,  give  a  faithful,  and  if  faithful,  a  beantiibl 
picture  of  nature.  This  position  he  illustrated  by  a  series  of  specimens  from  the 
Dovrefeldt  range  of  mountains  in  Norway,  and  arranged  in  three  different  ways,— 
all  of  them  conveying  useful  information  : — first,  the  association  of  such  plants  as 
grow  together,  illustrated  by  a  sheet  containing  forty  or  fifty  species  of  plants  from 
the  highest  portion  of  the  range— on  the  borders  of  eternal  snow ;  secondly,  the 
grouping  of  plants  belonging  to  one  natural  family,  as  the  Ericaceae ;  and  thirdly, 
the  arrangement  of  one  or  more  genera  according  to  their  elevation  on  the  mountain 
side,  illustrated  by  four  species  of  Saxifrage,  one  of  which  grew  at  3000  feet  elevation, 
one  at  4000,  one  at  5000,  and  one  at  GoSo  feet,  respectively. 

He  further  remarked  that  the  climate  conditions  of  plants  might  be  most  munis- 
takeably  shown  by  observing  the  spontaneous  vegetation  of  hedge  banks,  &c*,  and 
this  was  exemplified  by  a  series  of  specimens  from  the  banks  surrounding  ^e  timber 
plantations  in  the  New  Forest,  and  from  a  bank  near  Tintem  Abbey,  Monmooth- 
shire,  the  former  indicating  a  moderate,  the  latter  an  excessive  amount  of  moisture. 

He  then  proceeded  to  urge  the  importance  of  cultivating  a  taste  ibr  legitiiBtte 
horticuhurai  pursuits  among  the  members  of  the  labouring  population,  as  it  was  a 
well-established  fact,  that  "  whenever  a  pink,  or  a  carnation,  or  rose  was  seen  wrt- 
side  a  cottage,  there  was  a  potato  or  a  cabbage  for  the  pot  widiin  ;  that  if  there  were 
not  happiness,  there  was  the  nearest  approach  to  it  in  this  world,  content/' 
"  Yes,  in  a  poor  man's  garden  grow 
Far  more  than  herbs  and  flowers  ; 
Kind  thoughts,  contentment,  peace  of  mind. 
And  Joy  for  weary  hours." 

He  concluded  by  a  commuoicatioa  he  had  received  fron^  the  Oiahop  of  RipM^A 
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tfaa  precediBg  Sunday,  and  which  was,  indeed,  his  principal  reason  for  again  appear- 
ing before  them.  The  communication  of  the  Bishop  was  to  this  effect :— "  The 
parish  of  Arndiffe,  near  Skipton,  in  Yorkshire,  situated  in  a  very  wild  part  of  the 
county,  and  inhabited  by  a  wild  and  lawless  tenantr^^,  had  been  for  many  vears  with- 
out a  resident  clergyman,  the  living  beiog  a  very  poor  one— not  above  jcSO  a  year. 
The  present  incumbent,  the  Rev.  Mr.  Boyd,  determined,  however,  to  set  himself 
down  among  them  and  to  use  his  utmost  exertions  in  bettering  their  wretched  con« 
dition.  To  this  end  he  surrounded  his  house  with  a  fine  garden,  well-stocked  with 
lovely  flowers,  and  induced  his  peasantry — but  with  great  reluctance — to  come  in 
one  by  one  to  see  and  admire  his  flowers,  and  to  take  them  home  and  cultivate  them. 
Now  for  the  first  time  they  had  light  in  their  dwellings,  and  ultimately,  through  the 
kind  and  constant  personal  care  which  was  bestowed  upon  them,  have  become  the 
most  contented  and  happy  set  of  villagers  in  all  Yorkshire." 

On  the  Epidermal  Cells  of  the  Petals  of  Plants.    By  Tuffbn  WEst. 

The  author,  in  working  on  microscopic  subjects,  generally  had  his  attention  arrested 
by  that  well-known  object  the  petal  of  the  geranium,  and  being  unable  to  recocll^Q 
its  appearance  with  the  descriptions  found  in  books,  was  led  to  the  investigations 
now  communicated  to  the  Section. 

After  detailing  his  observations  on  the  epidermis  of  the  petals  and  the  hairs  of  a 
variety  of  plants,  he  came  to  the  following  conclusions  : — 1.  The  prolongation  of  the 
outer  cell- wall  of  the  cuticle  of  petals  into  mammillary  protuberances  is  a  usual  con- 
dition ;  such  elevations  being,  with  rare  exceptions,  most  marked  on  the  inner  sor- 
lace,  and  being  hairs  in  a  more  or  less  rudimentary  condition.  S.  That  the  markings 
on  the  parts  here  named  (which  may  be  divided  into  two  kinds,  lines  and  dote, 
though  examples  of  an  intermediate  nature  occur)  are  both  caused  by  corrugation 
of  the  cell-wall,  and  not  by  external  secondary  deposit  upon  it. 


ZOOLOOY. 

On  the  Reproductive  Organs  of  Sertularia  tamarisca. 
By  Professor  Allman,  M.D.^  F.R.S. 

Thb  author  called  attention  to  the  fact,  that  Sertularia  tanuxrisca,  which,  like  most 
ef  the  Hydroid  Radiata,  is  strictly  dioecious,  presents  the  further  remarkable  cha* 
racter  of  having  its  male  and  female  gonophores  (generative  vesicles)  totally  different 
in  form, — an  important  fact,  as  regards  the  zoographical  characterization  of  the 
species. 

The  male  gonophores  appear  to  be  those  figured  by  Ellis  in  his  description  of  this 
species ;  they  are  compressed,  somewhat  obcordate  bodies,  with  a  short  terminal 
tubular  aperture. 

The  female  gonophores  are  far  less  simple  in  form  ;  they  are  oval  for  about  the 
proximal  half  of  their  length,  and  then  become  trihedral  with  the  sides  diverging 
upwards,  while  the  whole  is  terminated  by  a  three-sided  pyramid.  The  sides  (^  the 
pyramid  are  cut  into  two  or  three  short  teeth  along  their  edges,  and  each  of  their 
basal  angles  is  prolonged  into  a  short  spine. 

The  trihedral  portion,  with  its  pyramidal  summit,  is  formed  of  three  leaflets, 
which  merely  touch  one  another  by  their  edges  without  adhering,  so  that  they  may 
be  easily  separated  by  the  dissecting  needle.  They  consist  of  the  same  chitinous 
material  as  that  which  invests  the  rest  of  the  gonophore,  formed  doubtless  originally 
<m  the  surface  of  an  ectodermal  lamina. 

The  male  gonophore  is  traversed  by  a  fleshy  axis  (blastostyle),  which  gives  origin 
to  one  or  more  sporosacs  containing  the  spermatogenous  tissue  surrounding  a  well- 
developed  spadix  *.  The  spermatozoa  have  an  elongated  body  of  a  cylindrical  form« 
with  a  long  caudal  filament. 

*  The  antbor  proposed  the  term  q^adis  to  indicate  the  diverticulum  firom  th«  eommoa 
cavity  of  the  ocenosarc,  which  in  most  of  the  H  rdroid  Zoophytes  extends  into  the  centra  of 
ihe  sporosMf  and  round  which  the  generative  elements  (ova  or  spermalosoa)  are  developed* 
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On  laying  open  the  female  gonophore,  3ie  oval  portion  of  it  is  seen  to  be  occupied 
by  a  blastostyle,  which  ^ves  origin  to  one  or  more  sporosacs  entirely  reeembliog  the 
male  sporosacs  except  in  the  nature  of  their  contents,  which  are  here  ova  insteid 
of  spermatozoa. 

The  oval  portion  of  the  gonophore  terminates  upwards  by  closing  round  the  re- 
mote extremity  of  the  blastostyle,  where  it  forms  a  ring  with  tooth-like  processes  by 
which  the  extremity  of  the  blastostyle  is  eocircled.  This  oval  portion  constitntes  the 
proper  capsule  of  the  gonophore,  and  is  the  only  part  developed  in  the  male.  From 
the  summit  of  the  blastostyle  several  irregularly-branched  cecal  tubes,  apparently 
communicating  with  its  cavity,  are  given  off.  They  lie  altogether  external  to  the 
proper  cap&ule,  and  embrace  a  delicate  sac,  within  which  are  one  or  two  ova  in  an 
advanced  state  of  development,  each  in  a  delicate  structureless  sac  of  its  own,  which 
is  continued  by  a  narrow  neck  towards  the  summit  of  the  proper  capsule,  with 
whose  cavity  it  would  seem  to  communicate ;  but  the  author  did  not  succeed  in 
tracing  its  connexions  beyond  this  point. 

These  ova,  with  their  investing  sacs,  and  the  surrounding  csecal  tubes,  would  thus 
lie  entirely  exposed,  were  it  not  that  they  are  surrounded  by  the  three  leaflets  already 
mentioned  as  constituting  the  trihedral  portion  of  the  gonophore.  These  leaflets 
are  given  off  from  the  oval  portion  or  proper  capsule  near  its  summit,  and  being  in 
contact  by  their  edges,  completely  enclose  a  space  which  is  occupied  by  the  struc- 
tures just  described. 

These  structures  are  thus  truly  extra-capsular,  and  correspond  with  the  extracap- 
sular ovigerous  sacs  which  occur  inSeriularia putrUla,  S.  cupressina,  and  other  species, 
and  into  which  the  ova  are  conveyed  from  the  interior,  to  undergo,  as  in  a  sort  of 
marsupiuM,  a  farther  development  previous  to  their  final  liberation  as  embryos. 

With  regard  to  the  true  import  of  the  sporosacs  and  their  relation  to  the  Medo- 
sold  buds  produced  by  other  Hydroids,  the  author  insisted  on  the  necessity  of  bear- 
ing in  mind  that  the  spadix  has  no  ectodermal  covering,  and  consists  of  endoderm 
alone.  He  considered  it  to  be  homologous  with  the  manubrium  C*  peduncle")  oft 
Medusa  separated  from  its  ectoderm  by  the  intervention  of  the  generative  elements, 
which  in  the  sporosac  are  always  found  between  the  entoderm  and  ectoderm  of  an 
organ  strictly  homologous  with  the  so-called  "peduncle"  of  a  Medusa.  By  the 
continued  growth  of  the  generative  elements,  the  ectoderm  is  separated  more  and 
more  from  the  endoderm,  which  now  constitutes  a  diverticulum  from  the  cavity  of 
the  blastostyle,  enveloped  by  the  ova  or  spermatozoa;  while  the  ectoderm  forms  the 
walls  of  a  sac  which  immediately  confines  these  elements.  The  whole  is  enclosed  in 
an  external  sac,  which  seems  to  be  an  extension  of  the  ectoderm  of  the  blastostyle. 

We  have  thus,  in  the  sporosac  of  Sertiilaria  iamarhca,  an  organ  which  easily 
admits  of  comparison  with  the  Medusoid  buds  of  other  Zoophytes ;  it  consists,  in 
fact,  of  a  manubrium  peculiarly  modified,  so  as  to  constitute  a  sac  for  the  retention 
of  the  generative  elements,  and  chiefly  differs  from  the  proper  Medusoid  buds  in  the 
non-development  of  a  swimming  organ  or  umbrella.  In  other  instances  (Cordgh* 
phora,iic,),  as  the  author  has  elsewhere  shown*,  peculiar  cecal  tubes,  generaliy 
more  or  less  branched,  are  developed  from  the  base  of  the  spadix,  and  thence  extend, 
along  with  the  ova  or  spermatozoa,  between  the  ectoderm  and  endoderm  towards 
the  summit  of  the  sporosac.  The  author  had  already  compared  these  tubes  to  the 
radiating  gastro-vascular  canals  of  a  Medusa ;  and  if' this  comparison  be  just,  they 
remain  in  the  sporosac  as  the  sole  representatives  of  the  parts  found  in  the  umbrella 
of  a  Medusaf.  A  change  of  position,  however,  has  taken  place,  and  the  radiating 
canals,  having  withdrawn  themselves  from  the  covering  of  ectoderm  which  they  pos- 
sess when  forming  a  constituent  part  of  the  developed  umbrella,  are  now  composed 
of  endoderm  alone,  and  lie  between  the  endoderm  and  ectoderm  of  the  manubriunif 
where  they  form  cecal  processes  from  the  spadix  or  endodermal  portion  of  the  ma- 
nubrium. 

*  Phil.  Trans.  1853. 

t  In  a  paper  by  the  author  on  Cordyhphora  lacuatrU  (PhiL  Trans.  1853),  he  exprcsied  Wt 
belief  that  the  umbrella  of  a  Medusa  had  its  representative  in  the  walls  of  the  sporosac; 
subsequent  examination,  however,  of  the  sporosacs  in  a  great  number  of  species  had  caussd 
him  to  modify  this  view  and  adopt  that  contained  in  the  present  commumcation. 
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Remarks  en  the  Migration  of  Birds. 

By  CuTHBBRT  CoLLiNGWooD,  3f,JJ.,  Mji,y  FJL.S.^  LecturcT  on  Botany  at 

the  Liverpool  School  of  Medicine, 

The  aathor  began  by  remarking  upon  tbe  extreme  interest  of  the  phenomena  of 
migration  to  the  ornithologist,  and  the  simplicity  of  the  general  plan,  which  had  been 
unnecessarily  complicated  by  the  supporters  of  the  now  exploded  doctrines  of  hy- 
bernation and  submergence.    The  fact  that  those  birds  which  winter  here  (except 
in  those  very  rare  cases  which  prove  the  rule)  never  breed  with  us,  is  the  true  key 
to  those  phenomena.    The  fieldfare  and  redwing  are  impelled  northward  in  April, 
by  the  same  impulse  which  brings  tbe  nightingale  and  blackcap  to  us  from  the  South. 
All  retire  from  the  advancing  sun  in  spring ;  and  all  seek  those  spots  where  they 
themselves  first  saw  the  light,  there  to  rear  their  young.    This  business  ended,  they 
again  retire  to  regions  more  constitutionally  fit  for  them  in  the  dead  season.    The 
sun,  therefore,  is  the  great  moving  power,  and  the  equinoxes  the  signals  for  migra« 
tion.    A  sexual  impulse,  arisiug  from  the  development  of  the  reproductive  organs, 
drives  them  before  the  advancing  sun  in  spring, — a  failure  of  temperature  and  food, 
added  to  that  of  the  reproductive  stimulus,  makes  them  follow  the  retiring  sun  in 
autumn.   The  author  suggested,  arguing  from  the  analogy  of  the  short  internal  mi- 
grations of  some  British  birds,  that  the  period  of  time  during  which  a  bird  remains 
in  this  country  in  summer  might  be  taken  as  an  index  of  the  distance  southwards  to 
which  he  retires  for  the  rest  of  the  year,— that  the  chiff-chaff,  for  example,  which 
spends  fully  six  months  of  the  year  with  us,  retires  to  a  much  less  distance  in  winter 
tnan  the  swift,  which  remains  absent  from  us  nine  months  out  of  the  twelve.    The 
conditions  under  which  birds  exist  in  warmer  latitudes  in  the  winter  season,  are 
probably  the  same  as  regulate  those  which  remain,  the  only  difference  being  one  of 
constitution  or  hardihood ;  that  is,  that  our  birds  of  passage  require  the  higher  tem- 
perature, simply  to  keep  them  in  the  same  state  of  active  life  which  our  indigenous 
birds  maintain  under  our  wintry  skies.    As  an  example  of  these  conditions,  the  fact 
that,  of  our  migratory  birds,  the  males  arrive  usually  a  week  or  ten  days  in  advance 
of  the  females,  seems  to  show  that  a  separation  of  the  sexes  takes  place  with  them, 
such  as  is  so  common  a  phenomenon  with  our  indigenous  birds  at  that  season. 
That  the  migratory  birds  arrive  in  full  song,  the  author  was  convinced  from  obser- 
vation, it  having  frequently  happened  that  a  careful  watch  for  their  first  appearance  had 
been  rewarded  at  length  by  hearing  just  so  much  of  their  note  as  was  sufficient  for 
one  well-acquainted  with  it  to  recognize  them ;  but  on  the  following  day  the  woods 
were  resonant  with  the  perfect  notes  of  the  very  same  bird.    The  recurrence  of  this 
observation  had  convinced  him  that  fatigue  alone  had  been  the  cause  of  their  muti- 
lated song  the  previous  day.    Attention  was  next  directed  to  tbe  great  discrepancy 
which  existed  between  the  mean  date  of  arrival  of  the  summer  birds  of  passage,  as 
given  by  different  ornithologists.    The  mean  dates  given  by  White,  Markwick,  Jenyns 
and  another  for  twenty-five  summer  birds  of  passage  were  presented  in  a  tabular 
form,  and  exhibited  a  variation  of  as  much  as  a  month  or  six  weeks  for  the  same  bird. 
This  arises  probably  from  the  fact,  that  the  experience  of  a  single  individual  is  liable 
to  fallacy, — that  he  may  not  have  the  same  opportunities  of  accurate  investigation 
in  two  consecutive  years :  consequently,  certain  dates  in  a  series  of  observations  are 
much  too  late ;  and  these,  when  reduced  to  a  general  mean,  destroy  the  balance  of 
the  whole.   A  comparison  of  the  earliest  dates  given  by  seven  ornithologists,  for  the 
same  twenty-five  birds,  gave  much  more  equable  results,  because  probably  that 
observation  was  made  under  the  best  circumstances,  and  therefore  most  in  accord- 
ance ^ith  truth.     Still,  however,  there  was  something  to  be  accounted  for, — some 
influence  which  in  certain  seasons  somewhat  accelerated  them,  and  in  others  retarded 
them.    The  Question  arises,  whence  does  this  influence  arise  ?    Surely  not  at  the 
point  for  whicn  they  are  making,  but  rather  at  that  from  whence  they  are  setting  out. 
We  should  not  expect,  therefore,  that  birds  would  necessarily  arrive  sooner  in  a  for- 
ward season,  nor  later  in  a  backward  one ;  and  experience  proves,  what  reason  would 
suggest,  that  the  actual  temperature  of  our  spring  is  not  intimately  connected  with 
the  earUer  or  later  appearance  of  the  migratory  birds.    The  author,  however,  pur* 
poeed  making  a  more  careful  comparison  between  the  records  of  the  arrival  of  the 
birdsy  and  the  meteorological  indications,  than  he  had  been  able  to  do  hitherto,  with 

Digitized  by  V^OOQlC 


}i%  BVPORT-— 1868« 

a  view  to  elacidate  this  subject  With  regard  to  the  destination  of  our  summer  birds 
in  winter^  a  large  series  of  direct  experiments  was  necessary  to  the  proper  compre- 
hension of  the  length  and  direction  of  the  lines  yrhich  they  followed. 


Some  OhservcUions  on  the  Fishes  of  the  Lake  District, 
By  J.  Davy,  M.D.,  F.R.S. 

In  this  paper  the  author  referred. — 1st.  To  the  species  of  fish  hitherto  known  in 
the  district.  2Dd.  To  their  habitats,  remarking  that  one  of  them,  the  vendace,  till 
recently  supposed  to  be  peculiar  to  Scotland,  had  been  found  in  Derwentwater. 
3rd.  On  the  causes  of  the  distribution  of  fishes ;  taking  the  vendace  in  its  limited 
range  as  an  example,  two  theories  in  explanation  were  ofiered  as  most  probable^-^ 
one,  the  transportation  of  its  ova  by  birds,  the  other  by  floating  ice, — ^their  vitality 
not  being  destroyed  at  the  fVeesing- point  of  water.  4th.  The  growth  of  fiah^  of 
which  remarkable  instances  were  recorded,  under  the  influence  of  unstinted  and 
fitting  food.  5th.  Of  variations  in  the  species,  occasioned  by  diflerent  agencies. 
The  paper  concluded  by  pointing  out  the  necessity  of  legislative  interference  to  pre- 
vent the  destruction  of  fish.  They  are  now  taken  in  largest  quantities  at  the  seasoii 
when  they  are  about  to  deposit  their  ova,  and  when  least  fit  for  food.  A  cloeed 
season  should  be  instituted  throughout  the  country,  and  parr  and  smolts  should 
never  be  taken,  

On  the  Cause  of  the  Instinctive  Tendency  of  Bees  to  form  Hexagonal  Ceils, 

By  R.  L.  Ellis. 

The  author  supposed  that  bees  were  led  to  the  exercise  of  this  instinct  by  the  use  of 
their  organs  of  sight.  It  was  well  known  that,  in  addition  to  their  facetted  eyee« 
they  had  three  single  eyes ;  and  he  supposed  that  these  eyes  were  placed  in  sudi  a 
position  as  to  enable  them  to  work  within  a  range  sufficient  to  give  the  walb  of  their 
<;ells  dihedral  angles  of  120  degrees. 


On  the  Arrangement  of  Birds.    By  T.  C.  Eyton,  FX.S. 

The  mode  in  which  birds  obtain  their  prey  is  subject  to  considerable  variation  : 
adapted  to  this  variation  are  the  various  members  and  organs  of  the  class,  llie 
principal  modes  in  which  birds  obtain  their  prey  are  the  following : — By  the  power 
of  flight  or  direct  chase ;  by  the  power  of  i4)proaching  their  prey  unobserved ;  by 
the  power  of  climbing ;  by  the  power  of  scratching  and  runmng ;  by  the  power  olf 
wading,  and  by  the  power  of  swimming.  If  a  division  of  birds  is  made  strictlv  ac- 
cording to  the  above  qualities,  there  will  be  many  that  will  not  conform  strictly  to 
the  greatest  perfection  of  development  adapted  to  each  mode  of  living,  but  are 
endowed  with  a  modification  or  mixture  of  two  or  more  of  them.  Mr.  £yton  pro- 
poses to  divide  birds  into  the  following  orders  : — 1.  Raptores,  or  birds  of  prey«  con- 
taining the  families  Vulturidse,  Falconidse,  and  Strigidse ;  2.  Noctivores,  or  night- 
feeding  birds,  containing  the  Caprimulgids,  Trogonidse,  andCoracinidae ;  3.  Volitores^ 
or  flyers,  containing  the  Trochilidse  and  Cypsilidae ;  4.  Lapsatores»  or  gliders^  con- 
taining the  Alcedinid»|  Buceridse,  and  Upupidae* 

Prehensores  or  Parrots.  Cursores  or  Runners. 

Scansores  or  Woodpeckers.  Rasores  or  Scratdiers. 

Erucivores  or  Cuckoos.  Littoreals  or  Shore-birds. 

Insessores  or  Perchers.  Grallatores  or  Waders. 

Bipositores  or  Pigeons.  Natatores  or  Swimmers. 

Mr.  Eyton  called  the  attention  of  the  meeting  to  Ae  peculiar  mode  in  which  the 
ooracoid  bone  is  articulated  to  the  sternum  among  the  humming-birds,  and  exhibited 
a  drawing  and  specimens  of  those  parts. 
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On  the  Oyster.    By  T.  C.  Eyton,  FX.S. 

At  the  Cheltenham  meeting  the  author  exhibited  the  young  oystertaken  from  the  beard 
of  the  parent.  He  now  traced  the  young  oyster  from  the  embryo  state  in  the  ovary 
to  its  perfection  at  five  years  old ;  and  exhibited  a  series  of  drawing^  on  the  history 
of  the  oyster,  the  mode  of  preserving  the  beds  and  increasing  their  productiveness. 


Ori  the  Anatomy  of  the  Brain  in  some  small  Quadrupeds. 
By  Robert  Garnsr,  F.L.S. 

The  comparative  anatomy  of  the  brain,  little  studied  in  Great  Britain  (Professor 
Owen  having  been  one  of  the  few  labourers  in  the  field),  has  on  the  continent  met 
with  more  attention,  witness  the  accurate  researches  of  Tiedemann,  Desmoulins,  and 
I^uret.  As  the  importance  of  the  subject  in  regard  to  zoology  and  physiology 
cannot  be  doubted,  the  writer  offers  the  description  of  the  brain  in  a  few  small  but 
interesting  quadrupeds  dissected  by  himself. 

The  two  genera  constituting  the  great  family  of  quadrupeds,  called  Monotremata, 
similar  in  some  respects,  as  far  as  the  brain  is  concerned,  are  in  others  remarkably 
different.  The  Echidna  Hi$trix  has  well-developed  convolutions  to  its  brain,  that 
of  the  Ornithorhynchus  parado:tu8  is  only  marked  by  the  rather  deep  grooves  of  ita 
vessels ;  it  has,  too,  a  bony  lamina  between  the  hemispheres,  which  is  wanting  in  the 
other.  The  former  has  the  olfactory  bulbs  very  large,  the  latter  much  less.  The 
Echidna  has  not  the  little  side  lobules  of  the  cerebellum,  which  in  the  Omiiho^ 
rhynchua  are  remarkable,  occupying  cavities  in  the  temporal  bone,  and  encircled  by 
the  three  semicircular  auditory  canals ;  in  the  Echidna  these  last  also  exist,  but  deep 
in  the  solid  bone.  The  Omtihorhynchus  has  the  two  posterior  prominences  of  the 
corpora  quadrigemina  very  little  developed,  less  than  in  any  other  quadruped,  if  we 
are  not  mistaken,  making  therefore  a  gradation  to  their  disposition  in  birds.  Both 
have  the  peculiarity  (general,  it  would  appear^  in  the  Marsupialia  and  Monotremata) 
of  the  absence  of  the  corpus  callosum.  The  two  principal  commissures  are  the  an- 
terior and  the  fornix,  both  well-developed,  the  latter  bemg  continuous  behind  with 
the  hippocampus  major ;  itself  very  large  in  such  animals  as  have  large  olfactory 
bulbs  and  tracts,  with  which  it  is  connected.  The  remaining  parts  do  not  mucn 
differ  from  other  quadrupeds. 

With  respect  to  the  organs  of  sense,  and  the  cerebral  nerves  supplying  them,  we 
may  commence  (having  already  noticed  that  the  olfactory  organs  are  enormously 
developed  in  the  Echidna)  by  observing  that  the  eye  of  the  aquatic  species,  the  (V- 
nithornynchus,  has  a  supplementary  valvular  lid,  the  lens  also  being  more  convex 
than  in  the  Echidna,  There  is  a  laciymal  apparatus  and  duct  in  the  usual  place. 
The  cerebral  nerves  generally  are  upon  the  normal  plan,  but  the  duck-billed  creature 
has  the  fifth  nerve  very  greatly  developed  to  supply  its  curious  mandible,  which  must 
possess  extraordinary  sensibility,  though  of  a  subdued  kind,  from  its  leathery  cover- 
ing ;  similar  to  that  of  a  hand  with  fine  touch  enveloped  in  a  closely-fitting  glove. 
The  large  nasal  branch  of  the  first  or  ophthalmic  division  of  this  fifth  nerve,  running 
in  a  peculiar  canal,  and  the  second  division,  of  course,  supply  the  upper  mandible, 
and  the  third  the  lower.  Six  fasciae  of  nerves,  generally  very  large,  are  dis- 
tributed to  the  former,  and  four  to  the  latter,  on  each  side.  The  auUior  is  not 
sure  whether  mention  is  made  in  authors  of  the  little  saccular  organs  with 
papillfe,  situated  on  the  front  of  the  palate,  immediately  under  the  nostrils,  the  latter 
situated,  of  course,  above,  on  the  upper  surface  of  the  bill.  Home  does  mention  four 
rudimentary  anterior  teeUi  in  addition  to  those  commonly  enumerated.  The  origin 
of  the  great  fifth  nerve  is  evidently  below  the  pons  from  the  medulla  oblongata. 
The  external  ear-canal  is  long  and  sinuous  in  the  Omithorhynchus,  with  a  wider 
opening  and  more  regularly  curved  in  the  Echidna.  The  drum  of  the  ear  looks 
downwards  in  this  last,  a  little  forwards  and  outwards  in  the  first,  and  here  too  it  i« 
smaller  and  longer.  In  both,  the  membrane  is  stretched  on  a  separate  rim  of  bone 
hke  a  tambouriu.  Home  and  Blainville  give  only  two  bones,  but  there  is  a  loose 
quadrate  bone  attached  to  the  malleus,  and  on  which  the  trumpet-shaped  stapes 
rests ;  this  must  be  the  incus.  The  malleus  is  large  and  connected  with  the  hony 
cinla.  «mI  9im,  as  u»ttiU«  witb  tbe  in?i«bnuM«    In  tb^  MMtbta  ihp  oanrpw  Smt9- 


Digitized  by  VjOOQ IC 


l24  RBPOET— 1858. 

chian  tube  opens  jost  within  the  posterior  extremity  of  the  nares,  whence  a  bristle 
may  be  passed  into  the  cavity  of  the  tympanum.  In  the  Oridthorhfn^ui  it  appears 
to  be  wider.  In  the  Echidna  the  Vidian  nerve,  with  another  twig  or  two»  is  seen  ki 
the  roof  of  the  cavity,  and  may  be  traced  to  the  portio  dora ;  there  is  also  a  very 
distinct  tensor  tympani  mascie.  The  cochlea  only  makes  one  imperfect  turn  in 
both  animals,  but  the  semicircular  canals  are  completely  formed.  In  the  Ondtk^ 
rhynohtu  one  surrounds  the  opening  of  the  side  cavity  in  the  cranium,  and  gives  origin 
to  one  end  of  another  which  descends  just  outside  the  condyle,  the  third  lying  hcMi- 
zontally  round  the  floor  of  the  said  cavity.  In  this  animal  there  is  one  large  opening 
for  the  passage  of  the  eighth  and  ninth  nerves,  partly  closed  by^a  membrane  and 
situated  before  the  large  occipital  foramen ;  the  Echiina  has  openings  for  them  in 
the  temporal  bone. 

Whilst  the  Omithorhynchus  is  a  sort  of  quadrupedic  wingless  duck,  the  Eckidtm 
is,  as  is  well  known,  an  ant-eater,  having  a  very  extensible  tongue,  without  teeth, 
and  its  mouth  situated  at  the  end  of  a  callous  tubular  muzzle.  Of  course,  however, 
such  a  muzzle  must  present  a  great  difference  in  its  nerves.  In  this  animal  the 
nasal  portion  of  the  ophthalmic,  for  instance,  is  small  (this  nerve  being  scarcely 
related  to  the  nose  as  an  organ  of  smell),  and  the  other  branches  of  the  fifth  ai« 
abo  moderate  in  size.  The  two  specimens  of  Echidna  examined  by  the  author 
had  evidently  been  amongst  the  ants,  and  the  friend  who  forwarded  them  observed 
that  the  animal's  strength  is  enormous,  that  it  burrowed  in  banks,  and  could  roll 
itself  up  into  a  balU  How  beautifully  the  OmUhorhynchui  or  Platypus  is  adapted 
to  obtain  its  food,  insects  and  moUusks  found  at  the  bottom  of  rivers,  must  strike 
any  observer. 

In  three  or  four  species  of  marsupial  animals,  Phalangista  and  Petami,  the  brain 
was  principally  remarkable  for  the  peculiarity  mentioned  above,  the  absence  of  the 
corpus  caliosum,  the  fornix  taking  its  place  somewhat,  and  having  in  front  four  pro- 
longations, two  going  forwards  atK>ve  the  anterior  commissure,  and  two  downwards 
behind  it.  The  cerebrum  in  all  was  perfectly  smooth,  whilst  the  cerebellum  in  all 
the  animals  described  in  this  paper  is  divided  into  lamellae.  There  are  moderate 
olfactory  bulbs  in  front,  the  cerebellum  has  the  "flocks"  or  small  side  lobules,  the 
corpora  quadrigemina  are  well-marked  and  their  tubercles  equal,  a  little  exposed,  and 
the  hippocampus  large.  Indeed,  with  the  exception  of  the  peculiar  absence  of  the 
corpus  caliosum,  leaving  the  third  ventricle  exposed  between  the  hemispheres,  the 
brain  in  all  these  animals  may  well  be  compared  to  that  of  a  hare  or  rabbit. 

These  remarks  were  closed  with  a  few  words  on  the  encephalon  of  those  curious 
animals  the  moles,  two  or  three  species  of  which  have  been  examined,  including  the 
Condylura  with  a  curious  star-like  snout,  to  supply  which  enigmatical  part,  the 
supermaxillary  nerves  are  greatly  developed.  Generally  there  was  no  difference 
between  the  brains  of  foreign  species  and  that  of  the  common  European  species. 
This  creature,  admirably  furnished  with  an  acute  organ  of  smell,  and  a  very  perfect 
internal  ear  (opening  by  a  verv  wide  orifice  on  the  shoulder  in  the  Condylura),  has, 
as  is  well  known,  a  very  small  rudimentary  eye,  a  mere  dot  in  fact.  NeverUieless 
this  eye  has  undoubtedly  a  true  optic  nerve,  as  was  maintained  by  Treviranus  and 
Cams ;  in  fact,  the  figure  given  by  the  latter  appears  to  me  to  be  correct ;  at  any 
rate,  an  optic  nerve  may  be  seen  (by  the  lens)  to  whiten  by  the  action  of  spirit, 
when  examined  at  its  commissure.  Tne  brain  of  this  little  creature,  in  some  respects 
like  that  of  the  Echidna,  has  nevertheless  a  well-marked  corpus  caliosum.  The 
olfactory  bulbs  and  tracts  are  ample,  and  connected  through  the  hippocampus  with 
the  fornix^  disposed  as  mentioned  above.  The  anterior  commissure  is  bifbrcate  on 
each  side,  with  extensive  connexions.  The  optic  lobes,  or  corpora  quadrigemina, 
are  fairly  developed,  though  the  posterior  one  is  certainly  not  so  well  marked ;  but 
still  both  are  more  so  than  could  be  the  case  if  the  sole  relation  of  these  parts  were 
to  ihe  organs  of  vision,  so  rudimentary  b  the  mole,  llie  circle  of  Willis  and  c^er 
vessels  are  as  regular  and  complicated  as  in  the  largest  of  the  Mammalia. 

On  the  Death  of  the  Common  Hive  Bee^  supposed  to  he  occasioned  by  a 

Parasitic  Fungus.    By  the  Rey.  H.  H.  Higgins. 

'On  the  18th  of  March  last  a  gentleman  of  Liverpool  communicated  to  me  some 
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circciinstaiiees  respecting  the  death  of  a  hive  of  bees  in  his  possession,  which  induced 
me  to  request  from  him  a  full  statement  of  particulars.  He  gave  me  the  following 
account : — "  In  October  last  I  had  three  hives  of  bees,  which  I  received  into  my 
house,  llic  doorway  of  each  hive  was  closed,  and  the  hive  was  placed  upon  a  piece 
of  calico ;  the  corners  were  brought  over  the  top,  leaving  a  loop,  by  which  the  hive 
was  suspended  from  the  ceiling.  The  hives  were  taken  down  about  the  14th  of 
March ;  two  were  healthy,  but  all  the  bees  in  the  third  were  dead.  There  was  a 
gallon  of  bees.  The  two  hives  containing  live  bees  were  much  smaller ;  but  in  each 
there  were  dead  ones.  Under  whatever  circumstances  you  preserve  bees  through 
the  winter,  dead  ones  are  found  at  the  bottom  of  the  hive  in  the  spring.  The  room, 
an  attic,  was  dry ;  and  I  had  preserved  the  same  hives  in  the  same  way  during  the 
winter  of  1856.  In  what  I  may  call  the  dead  hive  there  was  abundance  of  honey 
when  it  was  opened ;  and  it  is  clear  that  its  inmates  did  not  die  from  want  It  is 
not  a  frequent  occurrence  for  bees  so  to  die ;  but  I  have  known  another  instance. 
In  that  case  the  hive  was  left  out  in  the  ordinary  way,  and  probably  cold  was  the 
cause  of  death.  I  think  it  probable  that  my  bees  died  about  a  month  before  the 
]4th  of  March,  merely  from  the  circumstance  that  some  one  remarked  about  that 
time  that  there  was  no  noise  in  the  hive.  They  might  have  died  earlier,  but  there 
were  certainly  live  bees  in  the  hive  in  January.  I  understand  there  was  an  appear- 
ance of  mould  on  some  of  the  comb.  There  was,  I  think,  ample  ventilation ;  indeed, 
as  the  hives  were  suspended,  they  had  more  air  than  through  the  summer  when 
placed  on  a  stand.  When  the  occurrence  was  first  made  known  to  me,  I  suggested 
that  the  bees  might  probably  have  died  from  the  growth  of  a  fungus,  and  requested 
some  of  the  dead  bees  might  be  sent  to  me  for  examination.  They  were  transmitted 
to  me  in  a  very  drv  state,  and  a  careful  inspection  with  a  lens  afforded  no  indication 
of  vegetable  growtn.  I  then  broke  up  a  specimen  and  examined  the  portions  with  a 
compound  microscope,  using  a  Nachet,  No.  4.  The  head  and  thorax  were  clean, 
but  on  a  portion  of  the  sternum  were  innumerable  very  minute  linear  slightly  curved 
bodies,  which,  when  immersed  in  water,  showed  the  well-known  oscillating  or 
swarming  motion.  Notwithstanding  the  agreement  of  these  minute  bodies  with  the 
characters  of  the  genus  Bacterium  of  the  Vibrionia,  I  regarded  them  as  spermatia, 
having  frequently  seen  others  indistinguishable  from  them  under  circumstances  in-  ' 
consistent  with  the  presence  of  couferve,  as  in  the  immature  peridia  and  sporangia 
of  fungi.  In  the  specimen  first  examined  were  no  other  indications  of  the  growth 
of  any  parasite ;  but  from  the  interior  of  the  abdomen  of  another  bee  I  obtained  an 
abundance  of  well-defined  globular  bodies  resembling  the  spores  of  a  fungus,  *000 12- 
*000l6  inch  in  diameter,  lliree  out  of  four  specimens,  subisequently  examined,  con* 
tained  within  the  abdomen  similar  spores.  No  traces  of  mycelium  were  visible ; 
the  plants  apparently  had  come  to  maturity  and  withered,  leaving  only  the  spores. 
The  chief  question  then  remaining  to  be  solved  was,  as  to  the  time  when  the  spores 
were  developed,  whether  before  or  after  the  death  of  the  bees.  In  order,  if  possible, 
to  determine  this,  I  placed  four  of  the  dead  bees  in  circumstances  favourable  for  the 
germination  of  the  spores,  and  in  about  ten  days  I  submitted  them  again  to  examina- 
tion. They  were  covered  with  mould  consisting  chiefly  of  a  species  of  Mucor,  and 
one  also  of  Botrytis  or  Botryosporium.  These  fungi  were  clearly  extraneous,  cover- 
ing indifferently  all  parts  of  the  insects,  and  spreading  on  the  wood  on  which  they 
were  lying.  On  the  abdomen  of  all  the  specimens,  and  on  the  clypeus  of  one  of 
them,  grew  a  fungus  wholly  unlike  the  surrounding  mould.  It  was  white  and  very 
short,  and  apparently  consisted  wholly  of  spores  arranged  in  a  moniliform  manner 
like  the  filaments  of  a  penicillum.  These  spores  resembled  those  first  found  in  the 
abdomen  of  the  bees,  and  did,  I  think,  proceed  from  them.  The  filaments  were 
most  numerous  at  the  junction  of  the  segments  of  the  abdomen.  The  spores  did 
not  resemble  the  globules  in  Sporendonema  mutcte.  The  Rev.  M.  T.  Berkeley,  to 
whom  I  sent  some  of  the  bees,  found,  by  scraping  the  interior  of  the  abdomen  with  a 
lancet,  very  minute  curved  linear  bodies  whicn  he  compared  tovibriones.  He  found 
'  mixed  with  them  globular  bodies, but  no  visible  stratum  of  mould.  From  the  pecu- 
liar position  of  the  spores  within  the  abdomen  of  the  bees,  and  from  the  growth  of 
a  fungus  from  them  unlike  any  of  our  common  forms  of  Mucedines,  I  think  it  pro- 
bable that  Uie  death  of  the  bees  was  occasioned  by  the  presence  of  a  parasitic 
tiingas/' 
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OmaNhO  Species  of  LaoniedeaLiwiik  Remarkt  oh  ike  Oenera  CampaDQlaria 
ctnd  Laomedea.    By  the  Rer.  T.  Hinoks,  B.A* 

A  new  British  species  of  Laomedea  was  described  under  the  name  of  L.  angnhtta^ 
which  is  remarkable  as  being  the  only  member  of  this  genus  yet  discovered,  in  which 
the  reproductive  capsules  are  not  axillar)%  but  originate  from  the  creeping  fibres. 
Mr.  Hincks  also  described  a  remarkable  variety  of  Campanularia  Johnstoni  (Alder), 
which  is  branched,  and  bears  capsules  on  the  pedicle  as  well  as  on  the  fibre.  In 
these  two  forms,  the  supposed  distinctive  characters  of  Laomedw  and  Campomdarim 
are  intermingled.  There  was  not,  indeed,  a  single  constant  character  that  could  be 
relied  upon  for  the  separation  of  the  two  genera,  and  he  therefore  proposed,  with 
Van  Beneden,  to  range  both  branched  and  simple  forms  under  Campannlaria,  aban- 
doning the  eenus  Laomedea,  One  section,  however,  of  Campanularia  seemed  to  him 
entitled  to  distinct  generic  rank ;  that  which  includes  the  small  and  (for  the  most  part) 
sessile  species,  and  for  this  he  proposed  the  name  Calicella. 

On  three  New  Species  of  Sertularian  Zoophytes,    By  Joshua  Aldbr,  ^ 
Neu)C€utie-OH'Tyne»     Communicated  by  the  Rev.  Thomas  Hincks. 

The  first  was  a  Plumnlaria  of  well-marked  characters,  discovered  by  Mr.  Alder, 
near  low-water  mark,  at  CuUercoats,  on  the  Northumberland  coast :  in  habit  it  very 
much  resembled  a  Halecium,  but  with  ovicapsules  similar  to  those  of  Cautpanularut 
Johnstoni,  It  was  named  Plumnlaria  halecioides.  The  second  species  described  was 
a  Halecium  f^om  deep  water  on  the  same  coast,  for  which  the  name  of  H.  labrostm 
was  proposed.  The  third,  a  foreign  species,  was  found  parasitic  on  gulf- weed  fh>m 
the  Atlantic,  and  was  named  Halecium  nanum.  The  paper  was  illustrated  by  draw- 
ings of  the  several  species. 


On  the  Homology  of  the  Skeleton. 
By  G.  M.  Humphry,  Surgeon  to  AMenhrooke's  Hospital,  Cambridge. 

Having  lately  been  engaged  in  lecturing  and  writing  upon  the  Human  Skeleton^ 
the  author  has  carefully  investigated  the  whole  subject  of  its  homology,  in  relation  to 
the  skeletons  of  the  various  vertebrate  classes,  and  in  relation  to  its  development  and 
connexion  with  the  nervous  system.  I'he  conclusions  at  which  he  arrives  differ,  in 
some  particulars,  from  those  of  Prof.  Owen,  more  especially  with  regard  to  certain 
bones  of  the  skull,  such  as  the  temporal  bone,  and  the  components  of  the  anterior 
or  nasal  vertebra.  His  views,  and  the  arrangement  he  proposes,  are  set  forth  in  the 
accompanying  Table  I.  In  Table  II.  the  bones  are  placed  according  to  the  plan  of 
Prof.  Owen ;  the  differences  between  the  two  being  indicated  by  italics.  He  consi- 
ders that  the  pelvis  consists  of  the  haemal  elements  of  two  sacral  vertebrae ;  that  the 
scapular  arch  consists  of  the  haemal  elements  of  two  cervical  vertebrae ;  and  that  the 
limbs  are  appendages  diverging  from  the  points  of  junction  of  the  haemal  spines  witfi 
the  haemal  alae.  The  key  to  the  comparison  of  the  fore  limbs  with  the  hinder— a 
subject  of  much  difficulty  to  anatomists — is  furnished  by  the  fact  that  the  limbs  are 
placed  at  the  anterior  and  posterior  ends  of  the  trunk ;  and  that  consequently  the 
opposed  surfaces  of  their  upper  segments,  as  well  as  of  the  pelvis  and  scapula,  are 
made  to  correspond  j  that  is,  the  anterior  aspect  of  the  hinder  limb  corresponds  with 
the  posterior  aspect  of  the  fore  limb.  This  disposition  of  the  parts  takes  place  da- 
ring development.  At  first,  each  limb  is  nearly  straight ;  the  hands  and  feet  bud  out 
from  the  sides  of  the  trunk ;  the  palms  and  soles  look  downwards  ;  and  the  thumb 
and  the  great  toe  look  forward.  Subsequently,  each  limb  undergoes  a  quarter  turt, 
but  in  opposite  directions.  The  anterior  limb  is  rotated,  on  its  axis,  backwards ;  the 
posterior  limb  is  rotated,  on  its  axis,  forwards ;  the  ilium  and  femur  slant,  forwards, 
from  the  hip ;  and  the  scapula  and  humerus  slant,  backwards,  from  the  shoulder ; 
the  knee  bends  forwards ;  and  the  elbow  bends  backwards.  In  the  anterior  limb, 
however,  a  rotation  of  the  distal  segments  takes  place,  when  the  hand  is  pronated,  m 
an  opposite  direction  to  that  which  has  occurred  in  the  proximal  segments;  and  pro- 
nation is  the  easiest  position  to  man,  and  is  the  ordinary  position  with  most  oth^ 
animals. 
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On  ike  UabUitf  of  Sheik  to  If^wryfirom  the  Growth  (fa  Fungw. 
By  the  Rev.  H.  H.  Hiooins. 

It  has  often  been  observed  that  shells  kept  for  a  considerable  time  in  cabinets  are 
apt  to  lose  much  of  their  original  freshness  and  beanty  of  appearance.  This  kind 
of  injury  chiefly  affects  such  specimens  as  have  a  bright  enamelled  surface,  whidi  it 
lengUi  becomes  dull  and  less  pleasant  to  the  touch.  Several  suggestions  have  been 
made  with  reference  to  the  probable  cause  of  the  change,  which  has  often  been  at- 
tributed  to  the  efflorescence  of  saline  matter  absorbed  by  the  shell.  But,  so  far  as  I 
have  observed,  the  specimens  most  liable  to  injury  from  saline  incrustation  belong  to 
genera  in  which  the  shells  are  without  enamel,  as  Littorina,  TmriteUa,  &c.,  and  many 
collectors  are  in  the  habit  of  steeping  their  specimens  in  fresh  water  for  some  days 
before  placing  them  in  their  cabinets — a  process  which  is  said  to  be  an  effectual  pre- 
servative from  injury  by  saline  efflorescence.  Mr.  Dennison,  of  Woolton,  attributed 
the  loss  of  lustre  in  enamelled  shells  to  the  ravages  of  a  minute  insect,  but  had  not 
been  able  to  detect  the  depredator.  "  Many  of  the  shells  in  my  own  cabinet  suffered 
such  serious  injury  during  last  winter  that  I  was  led  to  investigate  the  cause, 
which,  indeed,  became  obvious  enough  by  the  use  of  a  microscope.  An  ordinary 
lens  showed  the  enamel  of  the  shell  to  be  beset  with  small  bristly  points,  and  wheo 
a  portion  of  the  surface  was  Scraped  off  and  submitted  to  a  higher  magnifying  power, 
the  forms  of  at  least  two  species  of  Fungi  became  apparent,  one  resembling  an  or- 
dinary Mucor  with  a  globose  sporangium ;  the  other,  and  much  more  common  form, 
exhibited  both  simple  and  moniliform  filaments,  with  an  abundance  of  minute  spores, 
seemingly  quite  free.  After  having  been  carefully  washed,  the  surface  of  the  shell 
was  found  to  be  as  if  it  were  engraved  in  some  places  with  stellular  marks,  in  others 
with  striae  forming  irregular  reticulations,  caused  no  doubt  in  each  instance  by  the 
spreading  mycelium  of  the  fungus.  It  is  scarcely  necessary  to  add,  that  attadcs  ot 
this  nature  need  not  be  apprehended  where  shells  are  kept  in  a  perfectly  dry  or  well- 
ventilated  place.  A  slight  deposition  of  moisture  does,  however,  frequently  occur 
upon  their  surfaces  whilst  shells  are  undergoing  examination,  in  which  case  it  would 
be  a  safe  precaution  to  allow  them  for  awhile  to  remain  exposed  to  the  air  before  re- 
turning the  drawer  to  the  cabinet.'' 

On  some  new  and  interuHng  Forms  of  British  Zoophytes. 
By  the  Rev.  T.  Hincks,  BJi. 

A  new  species  of  Phmularia  was  characterized  under  the  name  of  P.  simiis,  closely 
allied  to  the  P.  echinulata  of  Peach.  Two  new  species  of  Polyzoa  were  also  described  : 
one  as  Avenella  dilatata ;  the  other,  which  exhibits  a  new  generic  type,  as  AraduddU 
HippothihidcM,  a  delicate  Ctenostomatous  Polyzoon,  curiously  resembling  in  general 
appearance  the  well-known  Hippoihoa,  Mr.  Hincks  also  drew  attention  to  the  re- 
markable difference  in  the  form  of  the  male  and  female  capsule  in  Haiecium  Beam 
and  H,  halecinum,  and  suggested  the  importance  of  inquiring  how  far  thb  difference 
prevails  amongst  true  Nyikoida. 

On  some  Peculiar  Forms  of  Spines  found  on  ttco  Species  of  the  SpiMgrade 
Starfishes.    By  C.  W.  Peach. 

The  author  stated,  that  having  discovered  a  long  slit  on  the  under  spines  of  OjpAtb- 
coma  neglecta  ?,  he  was  induced  to  examine  other  species ;  and  that  on  Ophioeoms 
rosula,  in  addition  to  those  mentioned  by  Forbes,  he  found  jaw-like  ones  on  the  under 
sides  of  the  rays,  armed  with  hooked  teeth — much  like  one  of  the  claws  of  a  lobster 
— and  likewise  a  hook  on  the  tips  of.  the  lower  straight  spines,  all  directed  towards 
the  disk.  Similar  jaw-like  spines  occur  on  the  arm  of  an  Ophiocoma  mtnuta  sent  by 
Dr.  Dickie  from  the  collection  of  the  late  Mr.  Thompson  of  Belfast;  and  as  the  autiwr 
found  several  specimens,  in  all  stages  of  growth,  at  Wick,  N.  B.,  in  every  respect  like 
the  Irish  one,  he  thinks  that  the  latter  is  only  the  young  of  the  former.  From  not 
finding  these  noticed  by  Forbes,  or  any  other  writer  on  Starfishes,  he  has  thought  it 
right  to  lay  this  before  the  Association. 
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NoHce  cfn  mtmber  (f  Bartk-^tearms  and  Larva  of  an  undeseribed  Speeiei 
foMd  in  draining  afiM  upon  his  Estate.    By  Henry  Pbckitt. 

lliese  worms  were  exhibited  with  a  view  to  ascertain  whether  they  were  really 
fbreigu  worms,  or  the  common  worms  rendered  energetic  from  some  particular  state 
of  the  soil.  The  working  of  the  worm  was  first  noticed  about  sixty  years  since  on 
the  site  of  a  stick  or  rubbish  heap  at  the  Old  Hail  of  Thirkleby  Park ;  it  has  now 
spread  over  the  gardens  and  park,  and  covers  a  surface  of  300  acres.  The  casts  are 
so  large  and  numerous  as  to  render  the  eatage  impracticable  within  4  inches  of  the 
ground.  The  workings  are  seen  again  at  Baldersby  Park,  a  distance  of  8  miles, 
the  Swale  intervening.  About  five  years  since  a  small  beginning  was  discovered  in 
a  field  3  miles  from  Thirkleby,  which  has  now  spread  to  an  acre.  The  worms  are 
subsoiling  the  land,  and  the  land  is  enriching  from  the  great  quantity  of  grass 
yearly  (wasted  to  the  occupier)  trodden  down  uneaten.  From  the  site  on  which 
they  first  appeared,  it  has  been  suggested  that  it  may  have  been  an  imported  worm 
thrown  from  some  garden  pot. 

It  was  also  supposed  that  the  destruction  of  the  rooks  at  one  time  at  the  park 
allowed  the  worms  to  get  a-head,  but  it  is  doubtful  whether  rooks  tidce  a  worm 
when  other  food  is  to  be  had.  The  field  has  a  Rookery  at  the  end  of  it  In  collect- 
ing worms  for  the  Meeting,  it  was  noticed  that  the  rooks  had  torn  up  the  grass  in 
various  parts  of  the  field,  and  on  examination  it  was  found  they  were  after  the  larvae, 
which  were  exhibited.  This  field  was  drained  two  years  since  4  feet  6  inches  deep  as 
a  dieck  upon  the  worm,  but  no  effect  is  yet  observable. 


Notes  on  Myrmecophikms  Coleoptera.  By  Dr.  J.  A.  Powbr« 
I  imagine  that  the  interest  of  the  entomologists  of  the  Association  may  possibly 
be  excited  by  a  tolerably  complete  collection  of  the  known  British  Myrmecophilous 
insects.  It  is  a  group  which  until  recently  has  been  almost  unknown  to  our  natu- 
ralists, and  embraces  a  considerable  number  of  creatures  which  had  hitherto  escaped 
their  researches.  Most  of  these  singular  animals  appear  to  spend  their  lives,  some- 
times in  the  immediate  vicinity  of  Uie  ants'  nests,  sometimes  in  the  very  heart  of 
them ;  and  although  endowed  with  ample  powers  of  flight,  wander  but  Uttle  from 
their  quarters.  Hence  it  has  happened,  tluit  only  a  casual  specimen  has  now  and 
then  fallen  to  the  lot  of  the  collector,  whilst  the  greater  part  have  been  unknown,  or 
known  only  as  unique,  or  nearly  unique  examples,  and  even  their  authenticity  sus- 
pected. Messrs.  Janson  and  Waterhouse  acting  as  pioneers,  Messrs.  Reading,  Ed- 
win Sheppard,  Douglas,  myself,  and  sundry  others,  have,  within  the  last  few  years, 
by  carrymg  on  the  war  in  and  about  the  nests  themselves,  brought  to  light  many  new 
species,  or  found  others  to  be  abundant  which  were  previously  almost  unknown. 
Mr.  Janson  has,  in  the  '  Entomologist's  Annual '  of  last  year,  published  a  most 
Talnable  account  of  the  habits  of  these  insects,  and  the  mode  of  searching  for  them. 
I  must  say,  however,  that  I  cannot  sympathize  with  him  in  his  tender  feelings  to- 
wards these  voracious  hosts  of  our  coleopterous  favourites.  According  to  my  own 
experience,  the  spring,  t.  e.  about  April  and  May,  is  the  most  productive  season  for 
examining  the  nests  of  Formica  ntfa  (which  affords  much  the  greatest  number  of  in- 
sects), b^ore  the  ants  have  actively  begun  their  labours :  the  Coleoptera  then  seem 
to  be  accumulated  in  their  immediate  neighbourhood,  instead  of  being  scattered  over 
a  large  extent  of  ground  as  they  subsequently  are.  Soon  after  this  period  we  often 
see  the  ants  commence  the  process  of  gradually  deserting  an  old  and  inconvenient 
neel,  and  taking  up  new  quarters  close  by.  I  have  found  these  old  nests  afford  by 
fkr  Uie  best  harvest  of  insects,  which  in  the  appetite  for  formic  acid  or  its  odour, 
(apparently  necessary  to  their  constitution),  congregate  amongst  the  few  remaining 
ants.  If  a  few  showers  of  rain  should  then  fall  and  wash  awav  the  acid,  the  beetles 
entirelv  desert  the  nest.  The  most  efficient  plan  of  search  with  this  nest,  is  to  place 
a  Isw  handfulls  of  the  material  taken  from  near  the  ants,  upon  a  somewhat  fine  cab- 
bage-net, laid  on  a  sheet  of  brown  paper.  Saprini,  Dendrophili,  &c.  have  a  tendency, 
when  disturbed,  to  make  their  way  downwards,  and  if,  after  a  short  time,  you  lift 
the  net  to  another  part  of  the  paper,  you  Ptnove  the  dihris,  and  leave  the  insects 
behind.  The  outskirts  of  the  nests  flAould  also  be  well  examined,  as  Mr.  Janson 
1858.  9 
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detorlbee,  looking  ondar  ttoneB,  te.  The  netfcs  of  Fbn»icafuli§imt§§  are  wBon  pio- 
doctive  ratlier  later,  when  the  ants  are  in  activi^  i  but  the  inTeatigatioii  la  to  be  car- 
ried on  chiefly  in  the  neighbourhood  of  the  nest,  in  damp  places  around  it,  and  where 
the  ants  ran.  The  ground  being  stirred  up,  the  insects  will  appear  if  yon  watdi  for 
them.  Little  is  usvudly  to  be  obtained  in  the  nest,  which  is  generally  m  the  trunk 
of  an  old  tree.  The  nests  of  F.  fmca,  F.  flaoa,  and  Mi/rmea  mhra  afford  hot  fow 
species,  and  Uiese  are  chiefly  to  be  found  m  the  galleries,  under  stones,  &c.  which 
may  lie  upon  the  nests.  It  is  reasonable  to  expect  that  more  species  may  be  obtained 
by  the  examination  of  the  nests  of  other  ants,  especially  as  the  denizens  of  one  kind 
appear  seldom  to  associate  with  those  of  others.  jPbrsitca./WMa  and  F.fiana  seem  to 
be  the  most  convertible,  i.  e,  you  often  find  the  same  insects  in  both.  In  the  nests 
of  F^/uUginoMQ  you  almost  invariably  find  something.  As  to  those  ofF.  rufa,  yoa 
get  many  in  some,  but  in  verv  many  nothing.  Of  those  of  F.JIava,  F.fiiea,  and 
Ifynatoa  ni^ro,  you  may  examine  hundreds  and  get  nothing.  As  yet  we  have  obtained 
results  from  oniv  a  few  species,  viz.  FitmUca  $anguinolenta,  F.  fiaca,  F.  Auko,  F, 
fnUginow,  F^  nifa,  and  MymUea  rubra.  The  author  illustrated  his  paper  by  sped* 
mens  of  the  ants^  and  under  each  placed  the  genera  and  species  of  Coleoptera  usnaUy 
associated  with  them*  and  which  may  be  expected  to  be  found  in  their  nests.  A 
also  sul^oined  to  the  Catalogue  remarks  on  me  localities  and  habits  of  the  individnal 
species. 

On  the  Occurrence  rf  Bombyx  mori  m  a  wild  tum  in  iki$  Ommlf}^ 
By  the  Rev.  F.  F.  Statham,  Incwmbeni  of  Su  Peter\  Wahoorth. 

The  author  referred  to  the  many  costly  attempts  which  have  been  made  during 
the  last  two  centuries  to  domesticate  the  Bombux  mori,  or  common  silkworm,  in  tins 
country,  all  of  which  had  proved  unsnccessfhl  hitherto  firom  the  rigour  of  the  rfs^ih* 
and  omer  causes.  He  then  instanced  the  following  curious  ftict,  as  an  illustratioo  of 
the  power  of  instinct  in  enabling  the  insect  to  adapt  itself  to  circnmstancesy  and 
argued  the  possibility  of  rearing  a  more  hardy  spCM^ies  of  Bomkfm,  whidi  mig^ 
hereafter  be  made  useftil  fbr  commercial  purposes,  giving,  as  his  authority  for  tha 
statements*  the  Rev.  W.  Fox,  curate  of  West  Mailing,  Kent,  to  whom  he  had  faeea 
indebted  for  them.  On  the  10th  of  July,  in  the  present  year,  a  nnasber  of  ailk^ 
worms,  estimated  at  from  80  to  100,  were  fo«md  under  a  hedge  fai  a  plaet  calM 
Banksfield,  near  West  Mailing,  not  for  from  Maidstone,  Kent.  There  was  no  ap. 
pearance  ot  the  Insects  having  been  scattered  accidentally  fai  the  place  i  bv^  on  m 
contrary,  every  indication  of  their  having  been  hatched  and  snstuned  for  some  tiaa 
in  the  spot  where  they  were  discovered.  The  leaves  of  several  plants  in  Dw  fauna* 
diate  vicinity  were  much  jagged  and  eaten,  showing  plainly  that  ^e  iaseets  had  for 
some  time  been  foeding  upon  them.  A  bush  of  the  Ruiu9  ftmiicomu,  Hit  < 
bramble,  among  others,  had  been  partially  despoiled  of  its  leaves.  When  die 
about  three-fourths  of  the  whole  number  had  spun  their  eoeoons,  whieii 
hanging  in  all  directions  upon  the  weeds  and  the  bramble  rrferred  to.  Soma  n 
just  commencing  the  spinning  process,  while  others  were  yet  in  the  larvm  alate^  i 

were  foeding  quietly  or  roring  about  in  quest  of  suitaMe  places  in  whi^  to  oonsti 

their  silken  cells.  Both  the  silk  cocoons  and  the  remaining  larv»  were  sul^iedsd  to 
a  close  examination  by  the  aid  of  a  microscope,  and  vrare  oompsred  with  other  silk* 
worms  and  cocoons,  which  had  been  bred  or  formed  under  the  shdtar  of  a  hooac^ 
but  no  perceptible  difference  of  species  could  be  dtsoovered  by  ^ose  vrho  condBOted 
the  examination.  The  reverend  genti«nan  exprsesed  his  dissent  from  the  opinioB 
which  prevailed  in  the  neighbourhood  of  the  occurrence,  that  the  insects  had  beett 
the  produce  of  a  moth  which  might  have  fiuttered  away  from  tiie  town  thniag  tibe 
preceding  summer,  and  accounted  for  their  appearance  by  fanagining  that  some  pieee 
of  paper  having  the  ova  deposited  on  it  had  been  blown  from  a  wiio^ow-aill  or  otibw 
lofty  spot,  where  it  had  been  exposed  to  the  rays  of  the  sun,  and  had  gradually  baai 
swept  by  currents  of  wind  into  the  locality  where  the  insects  were  fovad,  whuoy 
having  been  favourably  settled  as  regards  warmth  and  shelter,  the  yoong  Uirrm  had 
emerged  from  their  eggs,  and  sought  congenial  nourishment  amidst  the  sanoond- 
ing  vegetation.  The  author  alluded  to  the  recent  foilure  in  the  brsad  of  mUkmcnm 
in  TrSaee,  as  annoimced  in  the  Tkms  of  the  9th  of  September,  and  argoad  tiw 
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utility  of  trying  a  aeriea  of  exptriments  to  atoertain  whether  (as  apparently  indicated 
by  tl^  Town  Mailing  discoyery)  theBowtbym  wwri  could  not  be  reared  upon  plants  of 
indigenous  growth^  and  without  that  amount  of  care  and  expense  which  have  hitherto 
been  considered  indispensable.  _«.....^^ 

On  the  British  Wild  Geese.    By  A.  Stricklahp. 

Geese  are  a  natural  group  of  birds  possessing  several  strongly  marked  characters ; 
some  of  them  are  so  aiike  in  plumage  that  that  important  character  can  hardly  be 
taken  as  an  element  to  assist  m  discriminating  the  species ;  the  form  and  colour  of 
their  bills  and  legs,  and  the  habits  of  the  birds  in  a  state  of  nature  bein^  all  we  can 
safely  rely  upon :  besides  this,  from  their  shy  nature,  they  are  the  most  difficult  birds 
to  study ;  from  these  circumstances  the  authors  of  British  Birds  seem  not  to  have 
duly  examined  the  characters  of  the  species  they  describe.  Mr.  Grould  has  given  us 
but  three  species  of  British  Wild  Geese,  confusing  two  species  under  the  mysterious 
name  of  Segetvm,  or  Bean  (xoose. 

^na$  albifrona.  White-fronted  Goose. — ^The  plumage  will  mark  this  species ;  it  is 
not,  or  probably  never  was,  a  regular  migratory  species  in  this  country,  but  is  found 
in  hard  weather  frequenting  running  streams  and  swampy  ground  singly,  or  in  small 
groups ;  but  b  stated  to  be  found  in  large  migratory  flocks  on  the  continents  of 
Europe  and  America. 

Anas  fenu  or  Anser,  never  was  a  migratory  species  in  this  country,  but  per- 
manently resided  and  bred  in  the  Carrs  of  Yorkshire,  and  probably  the  fens  of  Lin- 
colnshire ;  but  it  has  long  since  been  banished  from  these  places,  but  still  breeds 
s|»aringly  in  the  Western  Islands  of  Scotland.  This  bird  displays  Uie  same  deh'cate 
pmk  colour  in  its  bill  when  young,  as  the  Bean  Goose  does  in  its  legS|  and  which 
has  eroneously  been  considered  a  distinct  species,  under  the  name  oi  Pink-footed 
Goose. 

From  time  immemorial  one  of  the  features  of  the  north  and  east  of  Endand  has  been 
the  regular  periodical  appearance  of  countless  flocks  of  wild  geese  which  arrive  about 
the  end  of  harvest,  and  which  received  the  name  of  Bean  Goose  as  coming  in  the  time  of 
bean  harvest,  and  when  the  bean  stubbles  were  ready  for  them.  TTiis  ipecte*  is  the 
onlif  one  that  htu  ai^  dainu  to  /Ae  name  qf  Bean  Goose  (or  Segetum),  the  only  migratory 
species  im  this  country,  and  the  only  abundant  and  common  species  we  have*  Unaccountp 
able  as  the  case  may  appear,  this  bird  b  not  figured  or  characterized  in  any  workol 
Natural  History  I  am  acquainted  with,  and  is  not  mentioned  in  the  works  of  Mr.  Yar- 
rell,  Mr.  Gould,  or  Morris,  further  than  ascribing  the  habits  of  this  bird  to  one  given 
by  these  authors  under  the  figure  and  description  of  an  entire  different  species  under 
the  erroneous  name  of  Segetum,  or  Bean  Goose*  Some  years  ago,  Mr.  Bartlet,  struok 
with  the  difference  between  the  geese  he  met  with  in  the  market  and  the  descrip- 
tions and  drawiuffii  given  of  the  Bean  Goose,  was  induced  to  constitute  a  new  speciea 
under  the  name  of  Hnk-footed  Goose ;  but  diis  was  an  erroneous  view  of  the  matter, 
being  in  fact  the  young  or  immature  bird  of  the  true  Bean  Goose.  This  bird,  the 
true  SegetuMp  or  Bean  Goose,  or  Short-billed  Goose,  is  distinguished  by  its  short  and 
strong  bill,  its  depth  at  the  base  being  nearly  two-thirds  of  its  length,  and  by  ita 
migratory  habits  differing  in  that  respect  from  all  our  other  geese  arriving  every 
autumn,  spreading  during  the  day  time  over  the  stubbles  and  clover  fields  on  the 
Wolds  and  other  open  districts,  rising  like  clock-work  in  the  evening,  and  winging 
its  way  in  long  strings  to  the  sand-bank  in  the  Humber,  and  other  safe  retreats  for 
the  night,  returning  as  punctually  in  the  morning  to  its  feeding-grounds.  This  bird 
differs  fVom  the  Pink-footed  Goose  in  being  larger,  having  a  stronger  bill  and  lighter 
plumage ;  but  these  differences  are  the  result  of  age,  not  of  species,  and  due  exami- 
nation will  confirm  this.  The  next  bird  to  be  considered  is  the  Long-billed  Goose, 
figured  and  described  by  Mr.  Yarrell,  Mr.  Gould,  and  Mr.  Morris  under  the  name  of 
Segetum,  or  Bean  Goose.  This  is  distinguished  by  having  the  bill  exactly  twice  the 
length  of  the  depth  at  the  base,  a  proportion  Quite  different  from  the  Short-billed 
Goose.  Before  the  beginnmg  of  this  century,  when  the  Carrs  of  Yorkshire  were  the 
resort  of  countless  numbers  of  wild- fowl,  it  was  stated  that  there  were  two  speciea 
of  geese  frequenting  and  breeding  in  the  Carrs,  known  to  the  fowlers  by  the  nanie 
of  the  Can  Lag  and  the  Grey  Lag.    What  the  Grey  Lag  was  is  well  known.    The 
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Carr  Lag  ia  not  now  easy  to  identify,  bat  the  author  thinks  it  was  this  LoDf -bOfed 
Goose,  a  bird  that  resided  and  bred  in  the  Carrs  along  with  the  Grey  Lag,  and  like 
that  bird  is  no  longer  to  be  found  in  these  districts,  and  is  now  one  of  our  scarcest 
British  birds,  or  almost  a  lost  species.  This  bird  is  distinguished  from  die  Bean 
Goose  by  its  long  bill,  and  its  entirely  different  habits. 

The  following  is  a  list  of  the  species : — 

Anoi  albtfrons,  White-fronted  Goose.— Face  white,  bill  flesh-coloured  (GouUU 
No.  349) ;  an  occasional  winter  visitor  in  this  country  in  small  groups. 

Anas  ferns,  or  Anter,  Grey  Lag  Wild  Goose. — Breeds  sparingly  in  this  country^ 
and  is  not  a  migratory  species.     Bill  pink,  nail  white. 

Atuu  Segetum,  Bean  Goose,  Short  billed  or  Migratory  Goose.— Bill  short,  strong, 
the  depth  at  the  base  being  nearly  two-thirds  that  of  the  length,  pale  red  in  the 
middle,  black  at  the  extremities,  but  varies  much  in  the  proportions  of  these  colours* 
Old  birds  as  large  and  pale  coloured  as  a  Grey  Lag  Goose.  Pink-footed  Goose, 
smaller  bird,  less  and  darker ;  the  young  of  the  last. 

Anas  paludosus,  Carr  Lag,  or  Long-billed  Goose. — Bill  long  and  weak,  befng 
exactly  twice  the  length  of  the  depth  at  the  base,  being  2|  in.  long  and  If  in.  deep 
at  the  base.  Bill  strongly  toothed,  a  groove  running  the  length  of  the  lower  man- 
dible ;  colour  same  as  last.  Gould,  plate  348,  but  not  the  description :  not  a  mi- 
gratory  species. 

On  the  Formation  of  the  Ceils  of  Bees.    By  W.  B.  Teobtmbibr. 

Having  recently  been  engaged  in  making  a  series  of  experiments  with  a  view  to 
determine  the  typical  form  of  the  cells  of  bees,  and  having  arrived  at  some  interest- 
ing  results,  I  am  desirous  of  bringing  them  before  the  members  of  the  British  Asso- 
ciation. My  first  experiment  consisted  in  placing  a  flat  parallel-sided  block  of  wax 
in  a  hive  containing  a  recent  swarm.  In  this,  cells  were  excavated  by  the  bees  at 
irregular  distances.  In  every  case  where  the  excavation  was  isolated  it  was  Aesn- 
spherical,  and  the  wax  excavated  was  added  at  the  margin  so  as  to  constitute  a 
syZtWrtcaZ  cell.  As  other  excavations  were  made  in  contact  with  those  previously 
formed,  the  cells  became  flat- sided,  but  from  the  irregularity  of  their  arrangement 
not  necessarily  hexagonal.  When  the  block  was  coloured  with  vermilion,  the  em- 
ployment of  the  excavated  wax  in  the  formation  of  the  sides  of  the  cells  was  rendered 
more  evident.  The  experiment  has  been  repeated  with  various  modifications  as  to 
the  size  and  form  of  the  block  of  wax,  but  always  with  the  same  results, — namely, 
that  the  excavations  were  in  all  cases  hemispherical, — ^that  the  wax  excavated  was 
always  used  to  raise  the  walls  of  the  cells,  and  that  the  cells  themselves^  before 
others  were  formed  in  contact  with  them,  were  always  cylindrical.  Mr.  Charles 
Darwin,  to  whom  I  communicated  these  facts,  has  repeated  the 'experiments  with 
similar  results.  When  these  experiments  are  taken  into  consideration,  in  connexion 
with  the  facts  that  in  the  commencement  of  a  comb  the  rudiments  of  the  first-formed 
cells  are  always  hemispherical,  and  that  in  a  small  extending  comb  the  outer  sides 
of  the  bases  of  the  external  cells  are  always  circular,  they  appear  to  lead  to  the  con- 
clusion, that  the  typical  form  of  a  single  cell  is  cylindrical,  with  a  hemispherical  base ; 
but  that,  when  the  cells  are  raised  up  in  contact  with  one  another,  they  necessarily 
become  polygonal,  and  if  regularly  built,  hexagonal.  On  this  supposition  alone  can 
those  numerous  cases  be  accounted  for  in  which  one  side  of  a  cell  is  cylindrical,  the 
other  polygonal.  In  all  such  cases  it  will  be  found  that,  in  the  cell  adjacent  to  the 
cylindrical  side,  there  is  not  room  (owing  to  some  irregularity  of  the  comb)  for  a 
bee  to  work, — consequently  the  cylindrical  development  is  not  mterfered  with.  The 
formation  of  the  small  cylindrical  cells  surrounding  the  queen  cell  appear  to  admit 
of  no  other  explanation.  The  mode  in  which  the  circular  bases,  situated  at  the  thin 
edge  of  a  comb  in  the  process  of  enlargement,  become  converted  into  polygonal  cells 
as  new  bases  are  formed  on  their  outer  sides,  has  been  beautifoUy  shown  by  Mr. 
Darwin.  In  repeating,  with  many  ingenious  modifications,  my  original  experiments, 
he  coloured,  with  vermilion  and  wax,  the  circular  edges  of  the  ba^  of  the  external 
cells  in  a  small  comb.  On  replacing  this  in  the  hive,  he  found  that  the  walls  of  the 
cells  were  not  raised  directly  upon  these  circular  bases,  but  that,  as  other  cells  were 
built  external  to  them,  tbe  coloured  wax  was  remasticated  and  worked  up  into  the 
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polygonal  sides  of  the  cells ;  consequently  the  colour^  instead  of  remaining  as  a 
narrow  line,  became  difihsed  over  a  considerable  portion  of  the  sides  of  the  cells. 
These  observations  have  been  much  facilitated  by  the  employment  of  a  hive  having 
each  side  formed  of  four  parallel  plates  of  glass,  with  thin  strata  of  air  between.  As 
thus  formed,  the  escape  of  heat  is  so  effectually  prevented  that  the  bees  work  with- 
out  the  necessity  of  covering  the  hive  with  any  opaque  material,  and  thus  they  are 
always  open  to  observation  vnthout  being  disturbed  by  the  sudden  admission  of  light 
into  a  hive  previously  dark.  Crude  and  imperfect  as  these  experiments  may  be,  they 
appear  to  me  to  have  an  important  bearing  on  the  theory  of  the  formation  of  cells, 
and  my  desire  that  they  may  be  repeated  and  extended  by  other  observers  must  plead 
my  excuse  for  bringing  them  before  the  notice  of  the  Association. 


On  Aquaria.    By  N.  B.  Ward,  F.R,S. 

The  author  proceeded  to  consider  the  application  of  those  principles  which  had 
proved  so  successful  with  plants  to  the  subjects  of  the  animal  kingdom.  At  the 
meetiog  of  the  British  Association  at  Liverpool  in'  1838,  he  directed  the  attention  of 
the  members  to  the  extension  of  his  priuciple  to  animals.  He  felt  quite  certain  that 
a  great  number  of  animals  would  live  and  thrive  under  the  same  treatment,  and  he 
could  see  no  reason  why,  at  the  same  time  that  our  stoves  were  ornamented  with 
Bafflesias,  they  might  not  be  illuminated  with  Fulgoras  and  Candelarias.  In  the 
«ame  year  he  addressed  a  letter  to  Sir  W.  Hooker,  in  which  he  expressed  his  belief 
that  animals  as  well  as  plants  might  be  imported  in  the  case,  and  these  views  were 
stated  by  Prof.  Faraday  at  the  Royal  Institution.  In  1841  he  established  the  first 
aquarium  for  fish  and  plants  in  his  fern-house  in  Wellclose  Square,  his  object  being 
not  to  determine  the  counterbalancing  influence  of  plants  and  animals  in  water, — that 
liaving  been  ascertained  long  before  by  Priestley ; — but  to  determine  whether  the 
limited  quantity  of  air  in  the  fern-house  would  be  sufficient  for  the  well-being  of  the 
lish.  This  plan  was  shortly  followed  by  Dr.  fiowerbank  in  a  large  glass  jar,  which; 
when  seen  by  Mr.  Mitchell,  occasioned  the  construction  of  the  Vivaria  in  the  Regent's 
Park. 

Mr.  Ward  read  a  communication  from  Mr.  Mummery,  detailing  his  experi- 
ments on  marine  animals  and  plants  during  his  residence  at  Dover,  illustrated  by 
some  very  beautiful  representations  of  some  of  the  animals  which  were  living  in  his 
aquarium.  Of  the  permanent  inhabitants  were  the  following : — Actinia  croisicomis, 
A.  gemmaria,  A.  anguicoma,  A.  Dianthua,  A.  miniata,  J.  bellit.  A,  nivea.  A,  mes&n^ 
tryanthemum,  Sertularia  planula,  Botoerbankia  densa,  Pedicellina  belgica,  Tubularia 
indivisa  (in  various  ittites),  Aphrodite  acukata,  Serpula  eontortuplicata,  PagurusBem- 
hardi,  Portunus  puber,  Balanua  balanoide$,  Bvccitmm  undatvm.  Patella,  JEolia  Hneata, 
PaldimoH.  The  three  following  could  only  be  kept  for  a  very  few  days  :  Lepaa  ana- 
iifer,  Cydippe  pileu8,  Lucernaria  auric^, 

Mr.  Ward  gave  a  glowing  description  of  the  coral  reefs  of  Rottenset  Island, 
Western  Australia,  by  Dr.  Harvey,  of  Dublin,  and  strongly  advocated  the  importa- 
tion from  thence  of  some  of  the  beautiful  forms  of  vegetable  life,  such  as  Cauierpa, 
Bryopns,  &c. 

The  paper  was  illustrated  by  a  collection  of  cultivable  sea- weeds  from  the  herba- 
rium  of  Dr.  Harvey,  of  Cork,  and  a  series  of  coloured  diagrams  of  animals  inhabit- 
ing aquaria,  by  Mrs.  Mummery.       

On  the  MukipUeation  ofAcUnia  in  Aquaria.    By  R.  Waringtov,  F.CS. 

The  author  described  the  several  processes  of  reproduction  occurring  amongst  these 
creatures  :  the  first,  in  which  a  portion  of  the  base  or  foot  becoming  separated  from 
the  Actinia,  split  up  into  three  or  four  portions,  each  giving  rise  to  a  new  Actinia ; 
the  second,  in  which  the  body  of  Actinia  was  fissured  or  divided  into  two  distinct 
individuals ;  and  the  third,  when  the  perfect  young  are  developed  from  the  mouth. 
The  author  called  the  attention  of  Naturalists  to  these  points  as  being  of  use  in 
classifying  the  species,  and  gave  the  names  of  the  numy  varieties  in  eadi  of  these 
••ctioiM  which  had  come  under  his  notice  since  185  K 
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On  $&me  ObsertHUhms  cofmetied  with  ihe  Amiiotm  ^ 
sixihy  and  seventh  pain  of  Nerves  and  the  Msdmila  Mongaia.    Bg  Dr. 

ACHILLB  FOULLE. 

On  the  SensaOanaiy  Emotional,  InteUeeimd,  and  IneHnttive  CkqKwiiiee  of  At 

Lower  Animals  compared  with  those  of  Man.    By  Richard  Fowlsr, 

MJ).,  of  Salisbury. 

The  author  sabmitted  that  the  Deity  had  formed  all  aQimals,  both  mentally  &»! 
corporeally,  on  one  type.  All  had  like  sensations.  All  vertebrated  animals  had  like 
conceptions  of  persons  and  of  places ;  the  constitaents  of  memory,  like  the  re-trans- 
missions from  conceptions  to  adjusting  muscles  of  the  functions  of  actions^  as  might 
be  observed  by  the  barking  of  dogs  and  their  efforts  to  run  in  their  sleep.  Tliey  had 
like  memory  of  persons  and  things  ;  like  powers  of  comparing  those  with  their  con- 
ceptions after  long  absence ;  and  like  volition  for  the  gratification  of  dieir  appetites. 
But  they  had  not,  as  man  had,  such  perception  of  objects  and  their  relations  as  en- 
abled them  to  form  new  combinations,  and  thus  to  be  the  source,  by  a  sort  of  crea- 
tive power,  of  new  ideas.  There  was  no  instance  of  a  physical  force  having  beeo 
used  instrumentally  by  any  of  the  lower  animals.  No  monkeys,  however  often  they 
might  have  seen  a  Are  lighted  and  been  comforted  by  its  warmth,  had  ever  been 
known  to  light  a  fire.  They  appeared  to  have  like  conceptions  of  objects,  but  not  of 
their  qualities  or  relations  to  each  other.  The  instinctive  Amctions  seemed  to  be 
actuated  by  the  forces  of  mind  and  vitalibr,  by  appropriate  and  limited  structure^ 
vnth  adjustible  muscles  analogous  to  the  different  organs  of  sense ;  and  this  instinct 
Ive  apparatus,  with  like  analogy  to  the  organs  of  sense,  had  affinity  for  the  objects* 

Tlie  lower  animals  had  one  decided  advantage  over  man  in  an  uneducated  state*- 
their  comfort  was  not  disturbed  by  false  notions  of  religion.  Man  was  the  bluest 
being  to  whom  the  thoughts  of  animals  were  directed,  and  their  attachments  to  hini 
appeared  quite  as  strong  as  those  of  men  to  each  other.  Animals  had  equal  attadi- 
ments  to  home,  and  the  nostalgia  which  a  continued  absence  inflicts  was  perhaps  as 
painful  as  any  that  men  suffer. 

Evils  were  common  both  to  men  and  animals.  The  greater  part  of  the  evils  in- 
flicted on  men  proceeded  fh)m  their  own  misconduct.  But  there  were  other  evils 
evidently  intended  to  impel  us  to  cultivate  our  intellect  and  our  talents  by  searching 
for  the  means  to  remove  them.  Thus  the  scurvy  was  an  evil,  and  our  search  Had 
removed  it  by  lemon-juice ;  malaria  was  removeable  by  ventilation  and  drainage ; 
distance  of  time  and  space  science  had  removed  by  our  railwajrs  and  telegraphs ;  the 
dangers  of  navigation  had  been  reduced  by  harbours  of  refuge,  recent  observatioo 
of  currents,  and  the  rotations  of  storm  ;  small-pox  had  been  antagonized  by  vaccina- 
tion, pain  by  chloroform;  famine,  the  herald  of  pestilence,  had  been  prevented  by 
agricultural  improvements ;  might  it  not  be  hopea  that  the  mind  would  be  equally 
successful  in  diminishing  the  remainder  of  our  evils  ?  Ignorance  was  perhaps  our 
greatest  evil,  the  source  of  so  many  others  j  crime  the  greatest  of  all,  by  the  misery 
which  it  inflicted.  But  how,  as  to  the  evils  to  which  animals  were  liable,  without 
the  mental  means  of  subverting  them  ?  To  man  this  life  might  perhaps  be  considered 
as  a  school  of  conduct,  in  which  evils  were  our  schoolmasters  to  urge  us  to  "seek 
that  we  may  find ;"  to  "  knock  that  it  may  be  opened  unto  us."  Even  our  mental 
evils  were  lessons,  when  they  were  antagonized  by  thoughts  and  actions  that  tended 
to  the  comfort  of  others,  or  the  progressive  advancement  of  our  own  minda.  Was 
not  that  a  proof  of  the  benevolence  of  the  moral  law  by  which  we  were  goveiMd  I 
But  animals  had  no  such  resource.  Was  not  that  an  argument  which  should  lAdvct 
man  to  act  towards  them  as  the  Grovernor  of  the  Universe  deaU  widi  man  \ 

No  animal  inferior  to  man  has  ever  been  known  to  create  a  work  of  ar^  ditcovw 
a  law  of  nature,  and  comprehend  or  apply  it  when  produced  l^  man.  But  naii 
creates  works  of  art,  discovers  laws  of  nature^  and  applies  them  to  advance  hJa  rank 
in  the  scale  of  being.  It  may  be  therefore  true  of  animals*  that  nothing  et^ben  tbf 
intellect  but  the  single  objects  which  pass  through  their  senses  without  perception 
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6f  the  relatioiit  whkh  they  bear  to  each  Other )  but  it  is  not  tmt  of  mafi^  who  does 
ereate  new  phenomena.  

Notes  ofExpermenis  on  Digestkm. 
By  G.  Harley,  MJ).y  P.C.S.,  F.R.aPjB. 

The  eommunication  was  illustrated  by  numerous  experiments  showing  the  pro- 
perties of  the  saliva*  the  gastric  juice,  the  bile,  and  the  pancreatic  secretion. 

The  author  stated  that,  contrary  to  an  opinion  lately  published  by  Bernard,  the 
distinguished  French  physiologist,  he  had  found  that  the  human  saliva  contains  both 
Bulphooyaoide  of  potassium  and  iron.  The  latter  substance,  however,  can  only  be 
detiected  after  the  oi:ganic  matters  contained  in  the  secretion  are  destroyed  by  bum- 
uig«  He  had  ascertained  that  a  person  of  nine  stone  secreted  between  one  and  two 
pounds  (^saliva  in  twenty-four  hours.  100  parts  of  mixed  saliva  yielded  on  analysis, — 

Water 99-381 

Solids 0-669 

Ferment  .     .     .     .    T 

cSr:  :  :  :  ^rga-^ -»«««' o^i 

Mucus  and  epithelium  J 
Chloride  of  sodium    •    • 
Sulphate  of  potash     .    . 
Sulphocyanide  of  potassium 
Phosphate  of  lime  •    . 
„  magnesia 

and  iron 

The  gastric  juice,  the  author  said,  does  not  destroy  the  power  possessed  by  the 
saliva  of  transforming  starch  into  sQg&Jr ;  consequently  the  digestion  of  amylaceous 
food  is  continued  in  tne  stomach.  'Hie  gastric  juice  has  the  property  of  changing 
cane-  into  gra^sugar.  100  parts  of  ^ure  filtered  gastric  juice,  obtained  throuj^  a 
fistulous  opemng  in  a  dog's  stomach,  yielded  on  analysis, — 

Water 97-286 

Solids 2-712 

Organic  matter,  chiefly  pepsin 2'847 

Chloride  of  sodium 

„  potassium 

Phosphate  of  lime      . 

„        magnesia 

andiron       .... 

The  author  made  some  remarks  upon  the  cause  of  the  gastrie  juice  not  <  _ 

the  living  stomach :  and  said  that  his  experiments  showed  that  It  is  not  so  mach  tlus 

epithelium  lining  the  organ  which^evented  its  being  digested,  as  the  lay»r  of  thick 

mucus  which  covered  its  walls.    When  the  latter  substance  is  absent,  the  gastric 

juice  attacks  the  walls  of  the  living  stomach  and  digests  them,  causing  perfofatkA 

and  death.    As  regards  the  bile,  it  seems  that  this  secretion  takes  an  actiw  part  ia 

rendering  the  fatty  matters  of  our  food  capable  of  being  absorbed  into  the  system. 

The  most  curious  of  all  the  digestive  fluids,  however,  is  the  pancreatic  secretion,  for 

it  appears  to  unite  in  itself  ^e  properties  of  all  the  others^    It  not  only  transforms 

starch  and  other  such  substances  into  sugar,  but  it  emulsions  fats,  and  even  to  a 

limited  extent,  as  flrst  pointed  out  by  Pappenheim  and  Purklnje,  digests  protone 

compounds.  ««._«^_ 

1^  Spifial  Chord  a  Sensational  and  VotiHonal  OefUre. 

By  G.  H.  Lewes. 

The  spinal  chord,  the  author  steted,  was  formerly  believed  to  be  nothing  but  a 

great  ncrre-trunki  aad.eten  now  its  functions  have  been  limited  to  the  transmission 

and  reflexion  of  impresiiont.    That  it  can  conduct  impressions  to  the  sensorium  and 

ifflsetthanoD  the  siotor  narvct>  producing  musouhur  contraction,  is  all  ttiat  physio-. 


•inorganic  matter  .    «    •    3*247 
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logists  are  willing  to  allow.  Doubts  haTing  long  rested  on  hn  mind  upon  this  poin^ 
the  author  had  made  a  series  of  experiments,  which,  together  with  those  of  Pfliiger, 
had  led  him  to  a  clear  conviction. 

fiefore  detailing  the  evidence  for  the  sensorial  functions  of  the  chord,  it  will  be 
necessary  to  &x  on  some  broad  and  palpable  signs,  such  as  unequivocally  indicate  the 
presence  of  volition.  We  have  such  signs  in  spontaneity  of  actions  and  choice  of 
actions.  It  will  scarcely  be  disputed  that  an  animal  manifests  volition— and  its  act 
is  voluntary — ^when  the  act  occurs  spontaneously.  By  "  spontaneously ,''  I  mean 
prompted  by  some  inward  impulse,  and  not  excited  by  an  outward  stimulus.  Spoo* 
taneity  and  choice  are  two  palpable  characteristics  of  sensation  and  volition,  and  it 
is  these  we  must  seek  in  our  experiments.  Those  who  for  the  first  time  perform,  or 
witness,  experiments  on  decapitated  animals,  find  it  very  difficult  to  believe  that  these 
animals  have  no  sensation ;  but  their  doubts  are  genendly  settled  by  a  reference  to 
the  admitted  hypothesis  of  the  brain  bemg  the  exclusive  seat  of  consciousness.  On 
the  strength  of  this  hypothesis,  the  striking  facts  recorded  by  Legallois,  JE^rochaaka* 
Volkmann,  and  others,  have  been  explained  as  simple  cases  of  the  reflex  action  of  the 
chord.  Against  this  hypothesis  of  the  brain  being  the  exclusive  seat  of  conscioua- 
ness,  I  have  for  some  years  gathered  increasing  strength  of  conviction,  preferring  the 
hypothesis  of  the  sensorium  being  co-extensive  with  the  whole  of  the  nervous  cea/rer. 
From  the  mass  of  evidence  furnished  by  experiments,  all  bearing  on  the  same  point* 
the  sensational  function  of  the  chord  acquires  in  my  mind  the  force  almost  of  a 
demonstrated  truth.  From  that  mass  a  few  cardinal  cases  may  be  selected.  If  thej 
do  not  carry  conviction,  there  can  be  little  hope  in  any  accumulation  of  such  cases. 

Place  a  child  of  two  or  three  years  old  on  his  back,  and  tickle  his  right  cheek  with 
a  feather,  he  will  probably  first  move  his  head  aside,  and  then,  on  the  tickling  being 
continued,  he  will  raise  his  right  hand,  push  away  the  feather,  and  rub  the  tickled 
spot.  So  long  as  his  right  huid  remains  free  he  will  never  use  the  left  hand  when 
the  right  cheek  is  tickled,  or  vice  versd.  But  if  you  hold  his  right  hand,  he  will  rub 
with  the  left.  The  voluntary  character  of  these  actions  is  inchsputable,  in  spite  of 
their  uniformity ;  they  are  prompted  by  sensation,  and  determined  by  volition. 

Let  us  now  contrast  the  actions  of  the  sleeping  child  under  similar  drcumstances, 
and  we  shall  find  them  to  be  precisely  similar.  "  Children,"  says  Pfliiger,  "sleep 
more  soundlv  than  adults,  and  seem  to  be  more  sensitive  in  sleep.  I  tickled  the  right 
nostril  of  a  three-year  old  boy.  He  at  once  raised  his  right  hand  to  push  me  away, 
and  then  rubbed  the  place.  When  I  tickled  his  left  nostril  he  raised  the  left  hand. 
I  then  softly  drew  both  arms  down,  and  laid  them  close  to  the  body,  imbedding  the 
left  arm  in  the  clones,  and  placing  on  it  a  pillow,  by  gentle  pressure  on  which  I 
could  keep  the  arm  down  without  awakening  him.  Having  done  this  I  tickled  his 
left  nostril.  He  at  once  began  to  move  the  imprisoned  arm,  but  could  not  reach  his 
face  with  it,  because  I  held  it  firmly  though  gently  down.  He  now  drew  his  head 
aside,  and  I  continued  tickling,  whereupon  he  raised  the  right  hand,  and  with  it 
rubbed  the  left  nostril,  an  action  he  never  performed  wheji  the  left  hand  was  free." 

This  simple  and  ingenious  experiment  of  Pfliiger  establishes  one  important  point, 
namely,  that  the  so-called  reflex  actions  in  sleep  are  not  unaccompanied  by  sensation 
and  volition.  The  sleeping  child  behaves  precisely  as  the  waking  child  behaves,  ex- 
cept that  his  actions  are  less  energetic ;  and  we  are  forced  to  assume  the  presence  of 
dim  cerebral  consciousness  to  escape  the  conclusion  that  the  spinal  chord  is  also  a 
seat  of  consciousness.  The  actions  of  the  sleeping  and  the  waking  child  are  so 
similar,  that  both  must  be  credited  with  sensation  and  volition  (and  if  not  both,  then 
neither  must  be  so  credited) ;  in  like  manner  I  shall  show  that  the  actions  of  animals 
before  and  after  decapitation  exhibit  no  more  difference,  as  respects  sensibility,  than 
the  actions  of  the  waking  and  the  sleeping  child ;  so  that  here  again,  unless  both 
actions  are  credited  with  sensation  and  volhion,  neither  of  them  can  put  in  a  claim. 

Experiment  leads  decisively  to  this  alternative,  namely,  either  animals  are  uncon- 
scious machines,  or  decapitated  animals  manifest  sensibility  and  vrill.  [Having 
detailed  a  series  of  experiments  with  a  water  newt,  to  show  that  the  animal's  actions 
were  precisely  the  same  before  and  after  decapitation,  and  arguing  that  they  dis- 
played spontaneitjr  of  action— the  paper  proceeded.]— After  allowing  a  quarter  of 
an  hour  to  elapse,  in  order  to  a  more  complete  reinstatement  of  vigour,  I  tondied 
the  flank  as  before,  with  acetic  add.    The  movements  at  fiitt  were  very  daMtxdioityi 
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The  animal  ran  about  in  great  uDeasiness,  just  as  it  had  done  before  its  head  was 
off.  In  vain  I  waited  for  it  to  rub  itself  against  the  side  of  the  box  ;  it  curled  itself 
up,  and  seemed  about  to  die.  Some  time  afterwards  I  again  touched  it  with  the 
add ;  it  again  became  disorderly,  and  I  then  pushed  it  towards  the  side  of  the  box  ; 
but  it  did  not  move  until  I  pushed  it  slowly  forwards  so  that  its  flank  might  come  in 
contact  with  the  wood ;  this  succeeded :  this  seemed  to  supply  the  very  remedy  it 
wanted,  for  it  continued  crawling  slowly  and  with  intervals  of  rest,  its  body  curved 
outwards  so  as  to  continue  in  contact  with  the  wood,  and  its  hind  leg  pressed  close 
to  the  tail,  and  thus,  as  before,  it  rubbed  away  the  acid.  There  are  two  points 
noticeable  here ; — first,  the  readiness  with  which  a  sensation  of  contact  suggested  a 
means  of  relief ;  secondly,  that  this  was  the  only  newt  which,  in  my  experiments, 
ever  hit  upon  this  plan,  and  this  one  did  so  as  well  without  its  head  as  with  it.  The 
repetition  of  the  act  precludes  the  idea  of  its  being  an  accident. 

It  is  unnecessary  to  trespass  on  your  time  by  citiog  the  observations  of  numerous 
physiologists  testifying  to  the  spontaneity  of  decapitated  animals— all  remember 
such  cases.  I  divided  the  chord  of  a  newt  between  the  fifth  and  sixth  cervical 
vertebrse.  The  convulsions  which  followed  were  almost  as  severe  as  those  which 
follow  decapitation.  After  a  few  minutes  it  tried  to  rise,  but  failed.  Bubbles  of 
carbonic  acid  were  constantly  expired.  After  fifteen  minutes  it  turned  completely 
round,  and  crawled  five  steps  forward,  dragging  the  hinder  segment  after  it  like  a  log, 
the  hinder  legs  not  movmg  at  all.  This  was  repeated  several  times.  In  fifteen 
minutes  more  sensibility  was  detected  in  the  hinder  segment.  Here  was  a  case  which 
>¥Ould  have  been  pronounced  very  simple: — Division  of  the  chord  had  seemingly 
destroyed  all  power  of  voluntary  movement  in  the  limbs  below  the  section.  The 
hind  legs  seemed  paralysed.  When  the  anterior  segment  was  irritated,  the  animal 
crawled  away  dragging  the  posterior  segment  motionless  after  it.  When  this  pos- 
terior segment  was  irritated,  the  animal  did  not  crawl,  but  simply  withdrew  the  limb 
or  tail.  If  I  touched  the  tail,  or  hinder  leg,  with  acetic  acid,  the  whole  of  the 
posterior  segment  (in  which  volition  was  said  to  be  destroyed)  began  to  move,  and 
the  legs  set  up  the  crawling  action,  attempting  to  push  the  whole  body  forward, 
which  could  not  be  effected,  because  the  anterior  segment  was  perfectly  motionless. 
The  hind  legs,  which  never  moved  when  the  anterior  segment  was  irritated,  moved 
now  in  obedience  to  the  spinal  volition ;  and  the  anterior  segment,  which  before 
seemed  so  energetic  in  its  voluntary  movements,  was  now  perfectly  unmoved.  Each 
centre  rules  its  own  segment*  If  me  cessation  of  motion  of  the  hind  legs,  when  the 
animal  crawled,  is  a  proof  that  voluntary  power  was  destroyed  in  those  legs,  the  cessa- 
tion of  motion  of  the  fore  legs,  when  the  hind  legs  moved,  is  equally  a  proof  that 
voluntary  power  was  destroyed  in  the  fore  legs.  The  real  truth  seems  to  be  that  each 
segment  has  its  own  volitional  centre.  [Pfliiger's  experiments,  which  the  author  had 
repeated  and  varied,  were  here  detailed,  in  evidence  of  the  choice  manifested  by  de- 
capitated frogs.]  I  have  at  this  moment  a  newt  with  the  chord  divided  near  the  centre 
of  the  back.  The  operation  was  performed  four  days  ago,  and  the  animal  has  so  far 
recovered  from  it  that  no  spectator  could  distinguish  between  the  voluntary  power  of 
its  two  segments.  When  the  flame  of  a  wax  match  is  brought  near  the  cerebral  seg- 
ment, the  fore  legs  set  to  work,  and  the  animal  crawls  away,  dragging  the  hinder 
segment  along.  When  the  flame  is  brought  near  the  spinal  segment,  the  hind  legs 
set  to  work,  and  the  body  moves  sideways,  the  anterior  segment  remaining  perfectly 
quiescent.  All  other  stimuli  produce  similar  results.  I  venture  to  submit  that  the 
explanation  proposed  to  meet  this  case,  namely,  that  division  of  the  chord  produces 
two  independent  volitional  centres,  is  far  more  consistent  with  the  phenomena,  than 
the  explanation  ofiered  by  the  reflex  theory  :  unless  the  actions  of  the  posterior  seg- 
ment of  the  newt  are  evidences  of  sensation  and  volition,  I  know  of  no  kind  of  evi- 
dence  for  the  existence  of  such  properties  in  the  cerebral  segment.    •    *    •    • 

I  will  not  occupy  the  attention  of  this  Meeting  with  the  recital  of  other  experi- 
ments. Those  already  cited  suffice  to  indicate  the  nature  of  the  evidence  on  which 
I  found  my  positions.  And  indeed  I  might  rest  on  one  simple  fact  as  proof  that  the 
spinal  chord  is  a  sensational  centre,  namely,  the  fact  that  whenever  sensibility  is 
destroyed  all  actions  cease  to  be  co-ordinated.  £very  one  knows  how  greatly  our 
musouar  sensibility  aids  us  in  the  performance  of  actions ;  but  it  has  apparently 
been  fojgottei^  thai  if  sensibiUty  be  destroyed  in  a  lirnb^  by  section  of  the  posterior 
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roots  which  supply  that  limb,  the  power  of  movetneni  will  be  retained  so  long  as  tlie 
anterior  roots  are  intact ;  but  the  power  of  co-ordinated  movement  will  be  altogether 
destroyed.  With  diminishing  sensibility  we  see  diminishing  power  of  co-ordination, 
the  movements  become  less  and  less  orderly ;  and  with  the  oestmction  of  sensibifity 
the  movements  cease  to  have  their  co-ordinated  harmony.    Now  in  the  cases  I  have 
cited  it  is  clear  that  this  power  of  co-ordinating  movements — sometiroes  very  complex 
movements — was  nearly,  if  not  quite,  perfect  m  the  decapitated  animal ;  therefore  if 
oo-ordination  implies  sensibility,  the  conclusion  seems  inevitable  that  the  spinal 
chord  is  a  centre  of  sensibility.    The  whole  case  may  be  summed  up  thus : — 1st. 
Positive  evidence  proves  that  in  decapitated  animals  the  actions  are  truly  sensorial. 
2nd.  Positive  evidence,  on  the  other  hand,  seems  to  show  that  in  human  beings  with 
injured  spines  the  actions  are  not  sensorial,  but  reflex.    3rd.  But  as  the  whole  science 
of  physiology  presupposes  that  between  vertebrate  animals  there  Is  such  a  ffeneral 
concordance,  that  whatever  is  demonstrable  of  the  organs  in  one  animal  will  be  true 
of  similar  organs  in  another — and  inasmuch  as  it  is  barely  conceivable  Uiat  the  spinal 
chord  of  a  frog,  a  pigeon,  and  a  rabbit  should  have  a  sensorid  tlinction,  while  tiiat 
of  man  has  none— we  must  conclude  that  the  seeming  contradiction  afforded  by 
human  pathology  admits  of  reconcilement.    No  fact  really  invalidates  any  other  (ttL 
If  the  animal  is  such  an  organized  machine  that  an  external  impression  will  produce 
the  same  actions  as  would  have  been  produced  by  sensation  and  volition,  we  have 
absolutely  no  ground  for  believing  in  the  sensibility  of  animals  at  all,  and  we  may  as 
well  at  once  accept  the  bold  hypothesis  of  Descartes  that  they  are  mere  automata. 
If  the  frog  is  so  organized,  that  when  he  cannot  defend  himself  in  one  way,  the  in- 
ternal mechanism  will  set  going  several  other  ways — ^if  he  can  perform,  unconsciously, 
all  those  actions  which  he  performs  consciously.  It  is  surely  superfluous  to  assign  any 
consciousness  at  all.    His  organism  may  be  called  a  self-adjusting  mechanism,  in 
which  consciousness  finds  no  more  room  than  in  the  mechanism  of  a  watch. 


On  A»  Preuure  of  ik$  Atmosphere,  and  Us  Power  in  modifying  and  dder^ 
mining  ffamorrhagic  Duease.    By  John  Milligam,  MJLC.S£. 

The  chief  object  of  this  paper  appeared  to  be  to  show  that  hMBorrhage  waa  in 
many  cases  produced  by  extraordinary  atmospheric  pressure,  namcrooa  cases  being 
adduced  in  which  bleeding  occurred  cohioidentally  with  the  fidl  of  the  baroaMCsr, 
and  for  which  no  other  cause  was  discernible.  In  order  to  obtain  a  mora  coaiplcte 
elucidation  of  the  subject,  Mr.  Milligan  recommended  the  wtablishmcnt  of  a  aystaa 
of  medical  meteorology,  to  which  medical  men  might  oontribate  by  oonstracting 
tables  presenting  all  the  meteorological  elementa  involved  in  or  affaetinf  oaaea 
occurring  within  their  own  practice. 

After  explaining  the  nature  and  kind  of  the  periodic  variations  of  the  barometer, 
Mr.  Milligan  stated  that  the  superficies  of  a  human  body  of  the  average  aita  would 
measure  nearly  2000  square  inches,  and  consequently  sustain  a  presaora  fttMD  Aa 
atmosphere  amounting  to  30,000  pounds,  or  neariy  15  tons,  and  tiiat  this  w<eiglU 
would  vary  from  a  ton  to  a  ton  and  a  half,  according  to  tiie  preaaure  of  tha  ataio* 
sphere,  as  indicated  by  the  mercurial  gauge.  It  was  the  peculiar  relatione  that  this 
pressure  bore  to  hsemorrhagic  disease  that  Mr.  Milligan  propoaad  to  investigate  %  aad 
from  numerous  well-authenticated  cases  it  was  proved  mat  a  great  number  of  attacka 
of  epistaxis  and  hemoptysis  occurred  simultaneously  with  a  depression  of  tiia  mef^ 
curial  column  :  moreover,  that  as  a  general  rule  hnmorrhagic  attacka  may  be  antl* 
cipated  at  the  periods  that  mark  the  horary  oscillations  of  tibe  barometer,  and  asori 
especially  those  that  are  accompanied  by  a  fall  of  the  mercurial  oolamn.  In  suppctt 
of  these  opinions  Mr.  Milligan  adduced  several  striking  fscts,  and  from  a  regiatratkNi 
of  184  cases  of  various  kinds  of  hemorrhagic  disease,  the  attadu  commaoMd  at  the 
following  hours :— From  1  to  2  a.m.,  15  cases;  from  3  to 4, 7  caaes;  from  4  to  ((, 
82  cases;  from  5  to 6,  43 cases ;  from  6  to  7>  70oasea;  from  7  to  8,  9caaeai  frtaa 
8  to  9,  7  cases.  Mr.  Milligan  concluded  by  calling  upon  hk  medical  bratfaiao  to 
keep  records  of  barometrical  measurements  and  htemonhagic  diseases,  as  it  waa  only 
by  a  well-directed  and  systematic  course  of  inquiry  that  tha  true  bearksga  o#  mn' 
rologicai  phenomena  to  mortality  and  disease  ccmld  be  vndentood^  uA  tta 
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plexltiM  and  oontradietloiis  that  intest  correlatiTe  results  ootild  b«  satisflictorily 
enimciated* 

On  the  Infiuence  of  various  Cireumstanees  in  causing  Loss  or  Oain  in 
the  Weight  of  the  Prisoners  in  JVahqfield  Convict  Prison.    By  W.  R. 

MiLNBR* 

The  obsenrations  on  which  this  pi^er  wmre  founded  were  made  in  the  convict 
prison  at  Wakefield  on  prisoners  betwwi  the  agee  of  16  and  60,  confined  in  sepa- 
rate cells. 

The  cells  have  a  cubic  content  of  about  900  feet,  and  from  30  to  35  cubic  feet  of 
air  is  passed  through  each  cell  per  minute. 

The  air  is  wanned  in  winter ;  the  mean  temperature  of  the  cells  for  the  year  Is 
61^  Fahr«  i  the  highest  monthly  mean,  66*5,  was  in  August;  the  ioweet,  56*0,  in 
March. 

The  diet  is  unifbrm,  subject  only  to  such  alterations  or  additions  as  may  be  ordered 
by  the  medical  officer  in  individual  cases. 

Hie  prisoners  are  all  clothed  and  exercised  alike,  and  they  are  all  kept  at  work  t 
the  greater  part  make  mats  and  matting  of  cocoa-fibre ;  some  work  at  tailoring  ana 
shoeraaking,  and  a  few  are  engaged  in  other  employments. 

The  prisoners  are  all  weighed  on  admission,  and  at  the  latter  end  of  every  month 
during  dieir  stay. 

The  observations  extended  over  ten  years }  the  number  of  men  under  observation 
was  4000.  The  average  number  weighed  monthly  373,  and  the  total  number  of 
weighings  44*004. 

llie  reeults  of  these  weighings  were  grouped  widi  a  view  to  «[hibit  the  efiRsct  of  a 
number  of  variable  conditions,  viz.  season  of  the  year,  period  of  imprisonment,  em* 
ploymmt  in  prison,  age,  and  height. 

it  was  found  that  during  the  summer  months  the  prisoners  gained,  and  during 
the  winter  months,  lost  weight. 

The  change  fh>m  loss  to  gain  took  place  in  March,  and  Arom  gain  to  loss  in  Sep«> 
tember  t  these  changes  were  not  gradual,  but  abrupt. 

During  the  first  two  months  of  their  stay  at  Wakefield  the  prisoners  gained  weight, 
during  the  second  two  months  there  was  a  large  loss  of  weight ;  a  small  loss  oc- 
curred in  the  third  period  of  two  months ;  subsequently  to  this  there  was  a  steadily 
increasing  gain,  owing  probably  in  a  great  measure  to  the  extra  diet  given  to  those 
who  were  felling  off  the  most. 

The  eflReot  of  musmilar  exertion  was  very  clearly  shown ;  as  it  M>peared  that  while 
the  men  employed  at  sedentary  work,  such  as  tailors  and  shoemakers,  gained  on  the 
average  nearly  two  pounds  per  man  during  their  stay,  those  who  worked  at  coirw 
matting  weaving,  which  is  a  very  laborious  employment,  lost  nearly  seven  pounds. 
Of  the  former  it  had  been  found  necessary  to  give  extra  food  to  36  per  cent.,  while 
60  per  cent,  of  the  coir-matting  weaTers  had  extra  food  given  to  them. 

In  the  groups  formed  according  to  age,  it  at  the  first  glance  appeared  that  the 
younger  and  older  prisoners  gained  weight,  and  that  the  middle*aged  lost  {  but  when 
the  numbov  were  corrected  for  the  quantity  which  each  group  ouji^t  to  have  gained 
by  derelopment,  it  was  seen  that  the  younger  men,  although  heavier  when  thev  left 
the  prison  than  when  they  entered  tt,  really  sustained  a  virtual  loss  of  weight, 
gradually  varying  fyom  nearly  5  pounds  in  those  under  18  to  half  a  pound  in  those 
between  35  and  40  s  the  men  above  40  gained  weight. 

The  influence  of  height  was,  that  the  men  below  the  average  height  gained  weights 
those  about  the  average  remained  stationary,  and  those  who  were  above  it  lost; 


On  the  Form  of  the  EyAaXL^  and  the  relative  position  of  the  Entrance  qfAe 
Optic  Nerve  ink>  it  in  different  Animals*    By  T.  Nunneley* 

The  author  observed,  that  the  orbits  are  much  larger  than  the  eyeballs,  and 
that  their  axes  diverge  considerably  in  an  outward  direction,  while  those  of  l^e  two 
eyes  are  perfectly  parallel.  Tlie  eyeballs  lie  in  the  fore-part  of  the  orbits,  and  ae» 
^ordhig  as  they  are  more  or  less  prominent,  and  more  or  less  covered  with  the  \M, 

Digitized  by  V^OOQlC 


140  BiPOAi'^-lSSS. 

do  they  appear  to  be  larger  or  smaller.  The  eye  of  the  infant  ia  larger,  ia  pfOfMr- 
tion  to  the  size  of  the  body,  than  that  of  the  adalt ;  but  it  is  by  no  means  certaiii 
that  the  eye  of  the  male  is  larger  proportionately  to  the  size  of  the  body  than  the 
eye  of  the  female.  By  some  anatomists  the  haman  eye  is  described  as  a  aphenu^ 
the  diameter  of  which,  from  before  to  behind,  is  greater  than  in  any  other  directioa. 
He  had  measured  a  great  number  of  eyes,  of  the  human  subject  as  well  as  of  animals ; 
and  he  found  that,  wherever  there  was  a  departure  from  the  spherical  figure,  it  was 
in  the  direction  contrary  to  that  which  had  been  commonly  stated.  In  aome  in* 
stances  the  difference  between  the  two  diameters  was  scarcely  perceptible ;  in  all, 
where  a  distinction  was  observed,  the  transverse  was  the  greatest.  He  had  pre- 
pared a  set  of  tables  (which  were  printed),  containing  the  result  of  the  meaaorement 
of  300  eves  of  various  creatures.  In  conclusion,  M r.  Nunneley  said — "  The  meaaore* 
ments,  I  think,  clearly  prove  that  whatever  part  the  fibres  of  the  optic  nerve  play  in 
the  phenomena  of  vision, — and  they,  in  all  probability,  only  convey  to  the  senaoriiua 
the  impression  received  by  the  true  retinal  elements, — the  greatest  number  of  then 
are  distributed  on  that  part  of  the  eyeball  where  there  is  the  greatest  range  of  viaioo, 
and  that  the  largest  expanse  of  retina  is  on  that  part  of  the  ball  opposite  to  where 
objects  are  placed,  and  consequently  it  is  where  the  visual  images  of  them  most  falL 
Thus  the  extent  of  vision  is  always  in  conformity  with  the  space  of  retina  on  that 
side  of  the  optic  nerve ;  and  as  the  rods  and  cellules  appear  alwavs  to  correspond  ia 
abundance  with  the  fibres,  that  side  of  the  retina  which  receives  the  greatest  numb« 
of  images  b  most  exercised ;  or  where  the  range  of  vision  is  the  greatest,  is  alwaya 
the  largest.  That  this  is  a  fact  I  think  a  careful  comparison  of  the  position  of  the 
eyes  in  the  head,  the  size  of  the  eyeball,  and  the  exact  position  of  the  entrance  of 
the  nerve  into  it,  with  the  mode  of  life  and  habits  of  various  creatures,  will  render 
more  obvious  than  a  casual  glance  would  do.  To  mention  only  a  few  instances  as 
illustrations : — Man,  from  the  erect  position  of  his  body,  the  horizontal  placing  of 
his  eyes,  and  his  habits,  has  a  more  panoptic  range  than  any  other  creature  (of 
course  in  this  consideration  all  motions  of  the  head,  neck,  and  body  of  the  animal 
must  be  excluded,  and  those  of  the  eyeballs  alone  admitted).  In  him  the  optic  nerve 
enters  the  ball  not  far  from  the  centre,  leaving,  however,  a  somewhat  shorter  space 
on  the  inner  and  lower  parts  of  the  retina  than  on  the  upper  and  outer.  Now,  whik 
man  enjoys  a  free  range  of  vision  above  the  horizontal  line,  there  are  far  more  occa* 
sions  for  him  to  look  at  objects  below  than  above  this  line,  and  thus  mere  visnal 
images  are  projected  to  the  upper  and  outer  sides  of  the  entrance  of  the  optic  nerve 
oftener  than  to  the  inner  and  lower  sides  of  this  spot.  In  the  pig,  who  sees  at  no 
great  range  before  him,  and  who  seeks  his  food  with  the  snout  almost  always  in  the 
ground,  whose  head  and  eyes  are  consequently  for  the  most  part  downwards  and 
near  to  the  ground,  the  nerve  enters  the  ball  more  outwardly  and  much  lower  than 
it  does  in  man.  Ilie  pig  wants  not  to  see  far  before  him,  but  he  does  require  while 
grubbing  to  look  bdiind  him,  from  whence  danger  comes.  So  with  the  timid  herbi- 
vorous animals ;  look  at  the  entrance  of  the  nerve  in  the  bullock  and  sheep,  who 
pass  so  much  time  with  the  head  in  a  dependent  position  near  to  the  ground  vrith 
the  eye  directed  upon  the  sorfieure,  in  open  plains,  where  danger  usually  comes  from 
behind ;  in  them  the  upper  and  inner  sides  of  the  retina  are  much  lareer  than  the 
lower  and  outer  portions,  while  in  the  deer  who  live  in  more  wooded  places,  where 
danger  is  also  from  the  front,  but  who,  like  the  bullock,  has  the  head  downwards  ia 
feeding,  though  the  inner  or  anterior  side  of  the  retina  is  still  larger  than  the  pos- 
terior, it  is  so  to  a  much  less  extent  than  it  is  in  the  bullock — while  the  upper  por- 
tion still  continues  as  proportionately  large  as  it  is  in  sheep  and  bullocks.  On  the 
contrary,  in  the  horse,  who  is  not  so  preyed  upon,  who  carries  the  head  erect,  and 
observes  all  around,  the  nerve  enters  the  eye  more  nearly  in  the  axis.  In  birds, 
with  few  exceptions,  the  upper  portion  of  the  retina  is  much  more  considerable  than 
the  lower  parts,  but  the  anterior  and  posterior  portions  vary  mudi  in  different  genera. 
Those  whose  locomotion  is  performed  principally  by  the  feet,  and  whose  range  of 
habitation  is  very  small,  as  the  common  fowl  and  turkey,  have  the  inner  or  anterior 
portion  very  considerably  greater  than  the  outer  or  posterior.  Those  birds  whose 
range  ia  greater  and  who  use  the  wings  for  progression,  but  do  not  wander  very  iur, 
as  the  grouse  and  partridge,  have  much  less  difference  in  the  two  portions  of  the 
retinal  while  in  those  birds  whose  flight  is  far  and  prolonged^  as  the  crowj  lobk^ 
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swftn,  goo6«,  and  duck,  the  entrance  of  the  nerve  is  very  nearly  in  the  centre  of  the 
ball.  So  in  reptiles : — in  the  turtle,  who  only  requires  to  see  immediately  before 
and  under  him,  the  outer  and  upper  portions  of  the  retina  are  very  much  the  larger. 
In  the  more  active  dligator,  frog,  toad,  and  chameleon,  while  the  upper  portion 
maintains  its  size,  the  outer  and  inner  parts  are  more  nearly  equal.  In  those  crea- 
txires  whose  habitation  is  for  the  most  part  underground,  as  the  shrew  and  the 
mole,  the  eyes  are  so  small  as  to  have  led  Majendie  to  assert  that  the  mole  is  without 
the  organ  altogether,  which  is  not  the  fact ;  for  I  have  found  all  the  essentials  of  an 
eye,  even  true  retinal  elements,  optic  nerve,  and  a  well-developed  choroid.  Yet  the 
organ  is  so  minute  and  concealed  by  the  skin  and  hair,  as  probably  only  enables  the 
creature  to  discern  the  light,  which  is  all  that  it  requires ;  for,  living  underground, 
where  it  seeks  its  prey,  it  obviously  must  depend  upon  the  acuteness  of  other  senses 
than  of  sight  for  its  living.  Though  in  the  individual  there  is  usually  some  propor- 
tion between  the  size  of  the  eye  and  the  body,  taking  different  classes  and  genera, 
the  size  of  the  animal  is  a  very  little  guide  to  that  of  the  eye,  the  proportions  between 
the  two  being  determined  by  other  considerations  than  that  of  the  bulk  alone  of  the 
creature ;  for  though,  as  a  whole,  the  eye  in  fish  bears  a  larger  proportion  to  the 
whole  body  than  it  does  in  other  divisions  of  the  animal  kingdom,  and  the  eyes  of 
birds  are,  as  a  class,  much  larger  than  those  of  mammalia  or  reptiles  ;  yet  amongst 
the  different  genera  of  all  these  classes  there  are  very  great  differences,  determined, 
apparently,  by  the  following  considerations,  amongst  others  not  so  obvious.  When 
the  creature  lives  in  feeble  light,  yet  moves  actively  about,  and  is  guided  in  its  loco- 
motion by  the  sense  of  sight,  as  in  nocturnal  birds  and  animals  and  fish,  the  eye  is 
▼ery  large,  apparently  to  take  in  a  large  quantity  of  the  feeble  light ;  on  the  con- 
trary, where  the  creature  is  guided  in  its  movements  by  other  senses,  then  the  eye 
is  very  small,  as  in  the  bat,  the  mole,  the  shrew,  and  the  eel.  Where  vision  pene- 
trates to  a  long  distance,  and  where  the  eye  enjoys  great  power  of  overcoming  the 
aberration  of  parallax,  the  eye  is  large,  as  in  rapacious  birds.  When  the  brain  and 
intellect  are  more  developed,  the  size  of  the  eye  diminishes,  and  the  two  eyes  become 
more  parallel,  as  in  man  and  the  higher  mammalia.  Where  animals  are  feeble, 
timid,  have  but  little  defensive  power,  and  are  preyed  upon,  the  eye  is  usually  very 
Iaci3f<>, — as  in  the  hare,  the  conies,  the  whole  deer  tribe,  and  many  of  the  other  rumi- 
nanCte.  Where  the  animal  is  not  predaceous,  and  its  size  and  strength  are  such  as 
to  pmtect  it  from  being  preyed  upon,  the  eyes  are  commonly  small, — as  in  the  whale 
4md  £he  elephant :  in  the  latter  the  eye  is  even  smaller  than  it  is  in  the  horse,  and 
scarcely  larger  than  in  the  eagle.       

On  the  Structure  cfthe  Retina  at  the  Punctum  Centrale,  or  Foramen  of 
SoemmeriDg.    By  T.  Nunnelky. 

^  Tlie  author  defined  this  fmnctum  centrale  retina  as  a  small  dark  circular  spot,  i^^th 
of  an  inch  large,  situated  exactly  in  the  axis  of  the  eye,  and  ^^ih  of  an  inch  external 
to  the  entrance  of  the  optic  nerve  in  the  living  human  eye;  after  which  he  proceeded 
in  great  detail  to  give  what  he  considered  to  be  the  correct  anatomy  of  this  part  of 
the  retina.  ^ 

On  the  Structure  of  the  Choroid  Coat  of  the  Eye^  and  more  particularly  on 
the  Character  and  Artangement  of  itie  Pigmentary  Matter ,     By  T. 

NUNNBLEY. 

The  choroid  coat  is  the  dark  tissue  interposed  between  the  delicate  sentient  retina 
aad  the  hard,  dense  sclerotic,  and  co-extensive  with  the  latter.  It  begins  at  the 
entrance  of  the  optic  nerve  by  a  round  aperture,  with  a  distinct  edge,  in  close  appo- 
sition with  the  nerve,  but  not  organically  connected  with  it,  and  passing  forward  as 
&r  as  the  junction  of  the  sclerotic  and  cornea,  where,  as  choroid  proper,  it  termi- 
mates.  It  there  comes  in  connexion  with  the  ciliary  circle  or  muscle,  the  ciliary  body 
and  the  iris,  llie  choroid  is  essentially  a  vascular  membrane,  being  made  up  of 
blood-vessels,  colouring  matter,  and  a  modified  white  fibrous  tissue.  The  choroid 
universally  pervades  the  pigmentary  nigrum,  and  is  of  a  deep  bronze  colour,  ap- 
proaching to  black,    The  pigment  was  described  as  consisting  of  two  distinct  forms 
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of  eeUsi  ea  th«  iimcr  Mirfaice  the  choroid,  of  true  hexagonal  ceils;  and  in  the  tiaras 
and  on  the  poaterior  surface,  of  stellate  celli.  The  use  of  these  cells  was  to  destroy 
the  light  as  soon  as  it  had  acted  on  the  retina ;  and  they  were  the  most  perfect 
absorbers  of  light  of  any  substance  in  Nature  that  he  knew  of.  From  the  account 
he  gave  of  the  arrangement  of  the  pigment*  it  aflbrded  what  he  considered  a  satis- 
factory anatomical  explanation  of  an  abnormal  condition  of  the  eve  which  had 
hitherto  not  been  understood,  viz.  Mu$ca  voUtaniei,  The  figures  of  those  motes  he 
believed  to  resemble  exactly  portions  of  the  choroid  coat  when  teazed  out ;  and  thef 
might  be  expected  to  appear  and  disappear  with  the  varying  condition  of  the  vesieu 
arising  from  disordered  stomach  or  the  cerebral  circulation,  and  be  cured  by  whit- 
evar  corrects  those  conditions ;  or  the  muscse  might  result  (rom  different  organic 
changes  in  the  choroid  coat,  which  are  incapable  of  being  removed. 


On  ike  Beiubi  obiamedjrom  an  ExUntkd  Inquiry  into  tkfi  Quantify  ^ 
Carhmie  Acid  evolvta  firom  the  Lungi  und^  ike  If^lmmee  of  varum 
Agenie.    By  Dr.  E.  Smith. 

The  author  gave  a  eeneral  account  of  a  large  series  of  experiments  in  which  he  had 
sought  to  determine  the  true  amount  of  carbonic  acid  expired  and  of  air  inspired,  with 
the  rate  of  pulsation  and  respiration  under  numerous  conditions,  as,  for  example,  in 
the  twenty-four  hours  with  the  ordmary  meals,  during  sleep,  widi  different  and  de- 
finite kin<b  of  exertion,  during  a  prolonged  fas^  at  various  periods  of  the  year,  and 
under  the  influence  of  all  ordinary  kinds  of  food  when  taken  separately  and  idone. 
He  had  collected  all  the  carbonic  acid  expired  during  eighteen  consecutive  hom 
with  short  intervids  for  meals,  and  had  determined  the  amount  expired  in  profoona 
sleep  in  the  night,  viz.  one-half  of  the  average  quantity  of  the  dav.  There  was  a 
very  alight  and  gradual  increase  after  3  a.m.  until  the  hour  of  breakfiist,  and  during 
the  day  there  was  always  a  rapid  increase  after  each  meal,  and  particularly  after 
breakfast  and  tea,  followed  by  a  subsidence  to  the  original  amount  before  the  next 
meal,  if  tibe  meals  were  not  too  frequent.  Whilst  fasting  (twenty-seven  hours^ 
the  quantity  was  uniform  throughout  the  whole  period. 

He  found  that  the  quantity  of  carbonic  acid  expired  varied  most  materially  ander 
the  influence  of  diflferent  kinds  of  food,  states  of  the  atmosphere,  season,  &c«  Daring 
the  summer  the  respiration  is  j^th  less  than  during  the  colder  months  of  the  year; 
and  although  the  skin  exercised  most  important  functions,  he  found  that  it  was  not 
vicarious  of  the  action  of  the  lungs  in  the  expiration  of  carbonic  acid ;  for  while 
the  lungs  expired  600  grains,  the  skin  threw  off  only  ($  grains.  The  increase  in  the 
quantity  of  carbonic  acid  after  partaking  of  arrow-root  was  very  small,  but  it  was 
mudi  greater  after  eating  oatmeal  and  rice ;  whilst  wheat  flour  produced  the  greatest 
quantity,  though  the  increase  was  less  enduring  than  with  oatmeal  and  rice.  Tea, 
ooffae,  cocoa*  and  chickory  were  found  to  be  respiratory  excitersi  and  consequently 
increased  the  waste  of  the  system,  and  could  not  be  classed  as  food.  As  tea  also 
induoed  perspiration,  it  was  most  valuable  as  a  remedy  against  the  action  of  heat, 
and  would  also  be  useful  in  cases  of  drowning  and  interrupted  respiration.  Tea 
caused  the  evolution  of  much  more  carbon  than  it  supplied.  Brandy,  sometimes  ad- 
ministered in  cases  of  drowning,  had  the  very  opposite  effect  to  that  desired,  since 
it  lessened  respiration ;  whereas  tea  increased  the  action  boUi  of  the  lungs  and  skia. 
If  the  object  were  to  prevent  the  waste  of  the  system,  then  alcohol  might  be  useful, 
and  tea  would  be  improper.  Both  sugar  and  milk  greatly  increased  the  respiratory 
functions.  The  experiments  made  showed  that  those  who  were  more  susceptible  of 
the  influence  of  heat,  were  the  least  able  to  bear  change  to  hot  climates;  and  if  this 
were  borne  in  mind,  it  would  be  found  of  service  to  those  who  might  contemplate 
going  abroad.  -i—.—.. 

On  ike  Metkodi  kitkerio  adopted  for  the  DetermmaHon  of  the  Cmrhome  Add 
eontahted  in  the  Expired  Air^  uHih  the  Description  of  a  new  31^^  Bff 
Dr.  E.  Smith. 

The  author  gave  a  brief  account  of  the  various  methods  which  have  been  employed 
since  the  time  of  Lavoisier*  «ad  particularly  those  of  ftoutir  Vierordt  and  Bdcksri 
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of  Andial  and  Gttvarre^  and  of  Soharling,  and  explained  the  particiilart  in  which  he 
regarded  them  at  defective  for  phyaiologicai  inqmriet.  He  then  described  the  i^pa-» 
ratoa  and  method  which  he  had  devised  for  the  prosecution  of  his  researches,  and 
which  he  considered  to  supply  some  of  the  deficiencies  which  he  has  pointed  oot« 
It  enabled  the  author  to  absorb  the  whole  of  the  carbonic  acid  from  any  volume  of 
expired  air,  however  large  or  small,  during  the  period  tf  expiraiion,  and  to  measure 
the  inspired  air  for  any  period,  however  long  or  short.  All  the  air  admitted  was 
ina{Hred  and  none  was  respired  twice ;  and  it  was  applicable  to  experiments  with 
the  body  at  rest,  or  in  active  exertion,  and  during  sleep  or  wakefulness. 

The  spirometer  is  a  small  dry  gas  meter  of  improved  manafocture  and  registra- 
tion, and  moves  vrith  an  inverted  action.  It  was  connected  with  a  mask,  which  was 
just  large  enough  to  cover  the  nose,  mouth  and  chin,  and  had  valves  suitably 
arranged  to  prevent  a  retrograde  current,  and  to  direct  the  expired  air  into  the  ana* 
Ijrtical  apparatus.  The  analytical  apparatus  consisted  of  a  "  potass  box,"  made 
oi  gutta  percha,  and  divided  into  chambers  and  cells ;  so  that  a  column  of  air  of 
a  in.  Xi  in.  was  directed  ever  700  superficial  inches  of  a  strong  solution  of  caustic 
potass,  and  remained  in  so  close  and  prolonged  contact  with  it  as  to  be  entirely 
absorbed  during  each  expiration.  There  were  the  usual  desiccators  of  sulphuric 
add  of  large  capacity,  and  the  balances  employed  weighed  to  the  ^^th  of  a  grain 
with  71bs.  in  eadi  pan. 


Microscopical  Apparatus. 

Mr.  C.  Beookb  exhibited  a  microscope  and  case  very  completely  fitted  up,  bnt 
having  a  stand  of  so  simple  and  light  a  character  as  to  render  it  very  i)ortable  and 
convenient  for  use  in  the  open  air,  at  the  seaside  or  elsewhere.  It  has  a  new  and 
simple  contrivance  for  the  fine  adjustment,  and  also  for  the  rectangular  adjustment 
of  Uie  secondary  stage.  A  tourmaline  inserted  in  one  of  the  holes  in  the  revolving 
diaphragm  of  a  Powell's  condenser,  permits  the  use  of  polarized  light,  without  any 
change  of  illuminating  apparatus. 

Mr.  Brooke's  instrument  was  fitted  with  a  double  lens,  so  that  the  power  could 
be  changed  from  a  high  to  a  low  one  without  unscrewing  the  glass* 


Mr.  Ladd  exhibited  a  microscope  with  an  improved  magnetic  stage.  The  adtjust- 
ments  are  effected  by  means  of  a  steel  chain ;  a  moveable  lever  attached  to  the  nulled 
head  gives  a  very  efficient  fine  adjustment ;  and  the  facility  of  moving  objects  deli- 
cately by  the  hand  afforded  by  the  magnetic  stage  was  remarked  upon  as  a  great 
advantage. 

Mr.  Warington  described  some  additions  which  he  had  made  to  his  portahle 
Bsicroscope,  by  which  living  objects,  as  Polyzoa,  ffc„  contained  in  glass  bottles  or 
amsU  aquaria,  could  be  examined  with  greater  ease,  over  lengthened  periods  of  tiffle# 
and  wittumt  disturbing  them  from  their  naturalized  position. 


GEOGRAPHY  AND  ETHNOLOGY. 

The  hutme$$  qf  the  SeeHon  was  opmed  by  Sir  Rodbbick  Mubchisoit, 
uie  President  of^  SecHony  m  these  werds:-^ 

Ladibb  and  Grntlbmbn, — ^Let  me  first  congratulate  our  old  members  and  adherents 
who  are  present  upon  having  once  more  assembled  in  the  great  and  flourishing 
county  in  which  this  Association  had  its  origin.  Twenty-seven  years  have  elapsed 
since  a  small  band  of  men,  of  whom  I  was  one,  met  together  in  the  city  of  York  to 
eataUiah  the  Briti^  AssodaUon  for  the  AdvancesKnt  of  Science*  and  I  r^ca  to  aay 
tlnft  it  WM  under  the  preaidency  ci  a  victuoua  and  patriotic  noblaaan,  tiia  jaatkF 
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esteemed  Lord-Lieutenaat  of  the  West  Riding,  the  late  Earl  FitzwiUiaiii,  and  tfaroo^ 
the  skilful  arrangements  of  the  Rev.  W.  Vernon  Uarcoart  and  Professor  Jc^m  Fhillipi, 
aided^  indeed,  by  the  eloquence  of  a  fourth  Yorkshireman,  the  Earl  of  Carlisle,  dies 
Lord  Morpeth*  that  we  gained  our  first  position.  Few  as  were  oar  memberi,  yet, 
even  then,  so  heartily  were  we  bound  together  in  the  good  cause  of  the  search  ttltBr 
the  truths  of  science,  that  we  felt  confident  of  ultimate  success. 

Holding  our  second  meeting  in  the  University  of  Oxford,  the  Association  was  tiien 
divided  into  six  Sections ;  and  to  these  another  Section,  or  that  of  Statistic^  w« 
added  at  our  third  meeting  in  the  University  of  Cambridge. 

At  that  time  and  for  some  years  afterwards  Section  E  was  appropriated  to  Medi- 
cine ;  but  the  cultivators  of  the  healing  art,  justly  perceiving  that  they  had  matensis 
wherewithal  to  occupy  a  much  wider  field  of  research  on  subjects  of  national  impoit- 
ancct  felt  compelled  to  leave  us  and  establish  their  own  Association.  The  number 
of  medical  men  who  have  since  annually  met  in  large  towns,  to  compare  notes 
and  evolve  new  discoveries,  have  indeed  proved  the  soundness  of  the  views  of  the 
seceders,  who  still  left  to  us  the  cultivation  of  Physiology,  which  science  thence- 
forward became  attached  to  the  Section  of  Natural  History. 

Thus  abandoned,  the  symbol  E  remained  for  several  years  a  dead  letter,  when 
it  occurred  to  me  that,  the  sciences  of  Geography  and  Ethnology  having  been  hitherto 
very  imperfectly  represented  in  our  Institution,  it  would  be  ri^t  to  induce  my  asio- 
ciates  who  composed  the  General  Committee  assembled  at  Ipswich  in  1849,  then  tod 
there  to  fill  up  the  blank  by  constituting  a  Section  of  Geography  and  Ethnology  under 
tills  letter  E;  and  of  the  new  Section  which  was  thus  formed  I  had  the  honour  to  be  the 
first  President.  In  truth,  the  geographers  and  travellers  who  had  been  previously 
tacked  on  to  the  Geological  Section,  finding  that  they  had  no  chance  of  a  patient 
hearing  among  their  associates  the  geologists,  were  dissatisfied ;  and,  having  myself  s 
real  love  of  both  sciences,  I  felt  assured  that  their  separation,  followed  by  this  new 
amalgamation,  would  be  highly  conducive  to  the  best  mterests  of  each.  Then,  agsin, 
the  ethnologists  were  discontented  at  having  no  local  habitation,  and  at  htia^ 
compelled  to  form  at  several  meetings  a  sub- section,  seeking  for  a  meeting-room 
where  they  best  could  find  it. 

The  union  of  geography  and  ethnology  was  indeed  so  natural,  the  subjects  of  whidi 
they  severally  treat  are  each  so  engaging  and  instructive,  as  well  as  popular,  that  the 
result  has  proved  most  satisfactory.  In  short,  this  Section  has  been,  and  I  trust  will 
continue  to  be,  well-thronged  by  votaries,  who  rejoicing  in  the  spirit  of  foreign  re- 
search, come  here  to  gather  knowledge  from  the  lips  and  writings  of  distant  voyagers 
and  travellers  by  sea  and  by  land. 

As  President  of  the  Royal  Geographical  Society  I  have  truly  good  canse  to  be 
proud  of  the  extraordinarily  rapid  increase  in  its  members,  and  also  in  their  quality 
and  character ;  for  we  reckon  among  them  nearly  all  leading  public  men,  as  well  ai 
the  most  distin^ished  explorers  of  foreign  parts. 

This  success  is  indeed  the  natural  result  of  the  very  constitution  of  the  body  politic 
of  Britain  and  her  extensive  colonies ;  and,  as  there  is  no  branchof  science  which  is 
more  intimately  connected  with  the  best  interests  of  commerce  and  manufactures  thaa 
that  which  makes  us  acquainted  with  the  products  and  inhabitants  of  distant  lands* 
so  I  confidently  expect  that  in  this  rich  and  prosperous  seat  of  industry,  tiie  me- 
moirs and  descriptions  to  be  read  will  be  duly  appreciated ;  for,  although  we  cannot 
expect  to  be  every  year  honoured  by  the  presence  of  such  an  explorer  as  my  desr 
friend  Livingstone,  I  know  that  you  will  be  well  satisfied  with  the  communicatioas 
which  other  distinguished  men  are  about  to  make  to  you.  ; 

Lastly, — Gentlemen,  I  hope  that  your  discussions  will  be  carried  on  with  tbat 
desire  to  elicit  the  truth,  and  that  absence  of  any  acrimonious  feeling  among  amicable 
disputants,  which  has  characterized  in  preceding  years  the  proceedings  of  this 
flourishing  Section  of  the  British  Association. 

Notes  of  a  Journey  through  parts  of  the  Alatou,  in  Chinese  Tartary. 
By  T.  W.  Atkinson,  F.G.S. 
Daring  my  wanderings  in  Central  Asia  I  came  upon  several  large  river-bedf,  Ia 
aome  of  whioi  there  was  no  water ;  in  others  the  streams  were  so  small^  that  I  W 
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it  difficult  to  account  for  their  formation.  I  shall  therefore  commence  abruptly  with 
an  account  of  a  singular  geological  phenomenon — the  evident  trace  of  the  suaden  dis- 
ruption of  a  mountain  lake  by  a  fearfbl  earthquake  at  some  distant  period.  Travelling 
along  the  steppe,  near  the  foot  of  the  Alatou  mountains,  I  came  to  the  brink  of  one 
of  the  dry  river-beds  frequently  found  in  these  regions.  This  was  a  large  one,  being 
not  less  than  a  mUe  and  a  half  in  width,  and  130  feet  deep,  and  the  banks  being  nearly 
perpendicular.  We  succeeded  in  descending  down  a  track  made  by  deer  and  other 
animals.  All  the  party,  save  two,  had  reached  the  bottom.  As  we  stood  watchine 
these,  the  sand  suddenly  gave  way  under  the  feet  of  the  last  horse,  and  both  man  and 
animal  rolled  to  the  bottom,  clear  of  each  other,  from  a  height  of  about  40  feet  We 
thought  both  were  killed,  but,  on  hastening  to  their  aid,  they  ruse  to  their  feet;  the  horse 
gave  himself  a  shake  and  began  to  kick  and  plunge  furiously,  and  the  man  burst  into 
a  fit  of  laughter.  All  hope  of  returning  by  this  track  was  now  at  an  end,  and  we 
rode  on,  making  vain  guesses  as  to  what  had  become  of  the  torrents  which  had  scooped 
out  this  formidable  hollow.  Sand  and  pebbles  covered  the  greater  part  of  the  surface ; 
near  the  middle  we  found  several  pools  of  fVesh  water,  surrounded  by  beds  of  fine 
sand,  on  which  were  the  footprints  of  many  animals  of  the  deer  tribe,  and  amone 
them  the  huge  paws  of  the  tiger.  A  little  further  we  found  a  broad  bed  covered  with 
large  stones,  over  which  a  stream  was  running  rapidly,  rendering  it  difficult  to  ford. 
The  opposite  bank  proved  as  high  and  as  abrupt  as  the  one  we  had  descended,  and 
gave  us  much  trouble. 

Afler  riding  about  eight  miles  along  the  steppe,  we  reached  the  great  ravine ;  having 
passed  some  rocky  masses,  the  rugged  mountain  jaws  burst  upon  us  in  all  their 
grandeur.  This  was  a  terrific  rent;  'the  dark  purple  slate  rocks  had  been  riven 
asunder  by  the  granite,  and  heaped  up  into  craggy  precipices  of  enormous  height.  In 
some  parts  the  rocks  were  broken  into  sharp  points,  in  others  they  were  piled  up  like 
huge  towers,  overhanging  the  base  of  these  mighty  cliffis.  To  add  to  the  wildness  of 
the  view,  three  large  eagles  were  soaring  far  above  our  heads,  and  several  others  were 
perched  on  the  crags.  Far  up  in  this  pass  we  found  that  part  of  a  tribe  had  pitched 
their  yourts  on  some  grassy  slopes,  at  a  point  where  the  gorge  branched  ofi*  in  two 
directions.  We  slept  here,  and  darkness  prevented  me  seemg  the  objects  around. 
On  turning  out  in  the  morning,  I  stood  gazing  in  silent  wonder  at  the  scene  before 
me.  Immediately  opposite,  and  about  300  yards  from  me,  rose  up  a  mighty  mass 
of  dark  basaltic  rocks  to  a  much  greater  height  than  the  distance  from  me  to  them. 
They  were  pOIared  and  split  into  most  curious  forms — some  of  them  like  watch-towers 
guarding  the  pass.  These  rocks  divide  the  gorge,  which  branches  off  to  the  south  and 
east.  Looking  up  the  southern  branch,  the  eye  rested  on  the  snowy  peaks  near  the 
source  of  the  Actou,  and  up  the  ottier  were  seen  the  dazzling  peaks  among  which  the 
Bascan  has  its  source;  wnile  near  me  shrubs  and  flowers  were  hanging  from  the 
clefts,  showing  that  spring  was  adorning  these  rugged  forms  in  all  her  beauty. 

I  found  difficulties  in  the  way  of  obtaining  a  guide ;  the  danger  that  beset  the  route 
I  proposed  to  take  were  so  great  that  the  only  man  who  knew  the  country  refiised  to 
accompany  me,  but  on  showing  him  as  a  reward  a  flask  of  gunpowder  and  a  few  balls, 
his  eyes  sparkled  with  delight  and  his  objections  vanished.  Shortly  all  were  pre- 
pared, and  we  rode  up  the  southern  branch,  passing  the  base  of  the  basaltic  cliffs,  from 
whence  the  view  down  the  gorge  was  savagely  grand.  After  riding  two  hours  we 
arrived  at  a  part  of  the  pass  so  abrupt  that  we  could  not  ascend  on  horseback ;  even 
on  foot  it  was  difficult  to  scramble  up.  At  last  we  reached  a  level  space  about  20 
yards  long  and  4  yards  in  width.  A  scene  was  now  before  us  that  few  could  look 
down  upon  without  a  shudder.  We  were  standing  on  the  brink  of  a  precipice,  and 
looking  into  a  fearful  chasm.  The  rocks  were  dark  purple  slate,  with  a  few  shrubs 
hanging  from  the  clefU ;  yellow  and  green  moss  covered  the  ledees,  and  at  the  bottom 
was  a  small  lake,  the  water  appearing  of  inky  blackness,  while  to  the  south  the 
mountain  was  so  steep  that  it  seemed  impossible  to  ascend. 

We  began  our  ascent,  going  in  slanting  lines,  gaining  but  little  at  each  tack,  and 
turning  our  horses  with  difficulty.  As  we  ascended  higher,  each  tuniing  gave  us  a 
deeper  view  into  the  terrible  abyss,  with  nothing  to  stop  either  man  or  horse  should 
either  slip.  After  great  toil  and  no  little  anxiety,  we  reached  the  top.  Our  ride  was 
along  a  rocky  ridge  for  several  miles,  from  whence  we  obtained  a  splendid  view  of  the 
snowy  chain  of  the  Actou  stretdiing  to  the  east  and  west.    Its  vast  glaciers  and  high 
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f99i^mm  fj>ftrkli?»g  Ifte  rij))ip§  »n  t^?  (Jetting  san:  jjwt  M  4»wk  V0  repchjjd  md^ 
Urg§  piptQ  tjr§e»,  ajiq  fincajpD^d  f^jp  thp  pigbt  Earjy  }p  rtie  pappiing  we  proc^^dc^ 
pnvar4f  W^^^  J  ?**Vr  Pcar  Jlie  eoujrce  of  the  Qascan^  a  vpry  Wgh  pe^  which  biul 
eyid^ntjv  be^^  ponjcal  ip  fonp,  ||p4  this  1^^  been  torn  aspQopr*  Oaerbftlf  only  ^*« 
$t4i)4hig  I  tj^e  rei)t  va?  PUrved,  and  tl|e  ppper  pftr^  weFbanging.  No  snpF  Wil4  p^ 
PD  th^  precipitous  face,  ^nd  the  rockf  appeared  a  darj^  purple.  Thq  «P9V  M?^  pad 
^egp  ^pijipul^ting  on  thi§  njountftjn  for  thousands  of  flge?,  yffi^  riven  intp  -p^rpen- 
d}ci}lv  pliff?#  700"  or  800  fe^t  high,  appearing  like  ppntelic  marble,  We  ha4  ?lpV 
fts'cendel  ^bput  JOOO  fe?t  #boye  thP  yaljev  in  which  yfp  b%4  ^ept»  W>i  instead  of  i>cli 

frass  vfp  isrere  on  mossy  turf,  with  the  rPodpdendrpR  ^nd  cnrysanthepjum  creeping 
.mo^i  the  rock^,  ftpd  coyered  with  large  bunches  of  beaijtifi|l  yellpw  flpwers.  A^ 
Jeijgth  W^  reached  ei)prn)oijs  fn^ses  pf  green  slatp  §hppting  up  jijtp  Jiigh  p|n»ac|es ; 
pjl^nff  round  these,  we  came  ijpon  a  sc9ne  pf  terrible  4isruptipn  and  d.e^otjatipp,  yrwre 
rocks  nja4  he^?*  Hprooted  ^nd  bur}ed  dowi)  iijto  on^  chaotic  mass,  pf  ^  inpst  fearfu) 
effect :  extending  to  the  ])nn\  of  a  vast  rent  that  had  cut  the  moupt^jn  ^upder*  A 
terrible  cpnyulsioji  must  hgve  tqiceji  place  here.  I  had  felt  the  heaying  pf  the  j^rP^pA 
Juring  an  eartbfjuake  when  jn  ^  yailey  tp  the  westward,  apd  had  listened  to  tlje  aWTuI 
spunif  as  it  approached^  deep  ix^  the  bowels  of  the  earth,  apd  had  apparently  passed 
hep^ath  iffc.  i  had  heard  the  appalling  subtcrrQpcpus  thunder  a?  ^t  rolled  through 
(he  mountain, — now  I  beheld  the  terrjfic  effects  of  one  of  these  fearfu)  visitatiop^. 
^yond  this  point  the  horses  could  not  go ;  we  dined,  and  ouf  frieiMis  rct^ijmed  fo 
their  apul. 

The  guide,  two  Cossacks,  and  myself  began  to  descend,  clipging  as  well  sf  yre 
could  to  the  projecting  points,  till  we  gained  a  narrow  l,edge  extending  alons  a  ore- 
cipice :  tlie  guide  led  the  way  to  a  break  in  the  rocks.  Here  a  part  of  the  cli^  pad 
fafUn,  fS^rming  a  stony  slope,  both  steep  and  dangerous.  Afler  some  slips  apd  b^u^ef 
we  reached  another  small  terrace,  covered  with  bushes  and  plants.  Q>ntin«png  our 
way  downward,  and  scrambling  over  many  difficulties,  we  reached  the  bottom  of  ih/^ 
gorge^  whose  sides  were  1000  to  1200  feet  high.  Following  this  ravine  we  r<e^hed 
a  deep  yalley^  j^bout  fifteen  miles  lone  and  four  miles  wide,  surrounded  by  poountajn* 
varying  from  iSOOQ  to  7000  feet  in  height.  This  had  been  a  deep  mountain  jaki^ 
proyeabeyond  all  doubt  by  the  sand  and  shells  spread  over  its  bed.  t  also  found  the 
water  line  on  the  cliffs,  shPwing  that  the  depth  was  560  feet. 

Nearly  opposite  to  the  gorge  by  which  we  had  entered  there  was  another  ip  th^ 
mountains  to  thp  north.  On  reaching  it  I  found  Ms  was  also  a  deep  and  narrov 
ravine,  and'  no  4oubt  formed  by  the  earthquake ;  through  thb  the  water  had  rpi^edy 
drf^ining  the  lake,  and  had  formed  the  great  water-course  on  the  plain.  We  shortly 
entered  the  chasm,  which  I  found  was  about  120  yards  wide,  covered  wUb  frUen 
rocks,  among  which  a  torrent  was  foaming  with  great  fury.  Our  way  was  a  rough 
and  dangerous  one ;  sometimes  several  hundrjed  feet  above  the  stream,  an4  thep 
descending  nearly  to  the  level  of  the  water.  At  last  we  reached  p  spot  beyond  whi<£ 
to  all  appearance  we  could  not  propeed.  We  were  now  a  little  aoove  the  toprenlv 
which  was  hidden  from  our  view,  and  close  in  front  of  us  the  rocks  rose  up  like  a  wal} 
to  an  enormous  height.  A  loud  roaring  pf  the  water  was  heard;  which  induced  me 
to  suppose  it  was  rolling  over  a  deep  fall.  The  old  guide  told  me  it  was  Shaitan's 
cavern  swallowing  up  the  river.  The  mouth  of  the  cavern  was  formed  by  a  rugg^ 
arch  about  50  feet  wide  and  70  feet  high.  The  river  entered  this  opening  in  a  cS^n- 
nel  cut  into  the  solid  rock ;  it  was  about  30  feet  wide  and  10  feet  deep.  4  ^^g^  of 
rock^,  ^Djbout  1 2  feet  wide,  formed  a  terrace  along  the  edge  of  the  stream,  and  just  id>oye 
the  level  of  the  water.  When  my  astonishment  had  somewhat  subsided^  1  prep^ed 
to  iex]dore  the  cavern  by  placing  my  packet  of  baggage  and  my  fifle  on  a  rock,  and 
the  two  Cossacks  foliowed  my  example.  The  guide  watched  these  proceedings  with 
gre^t  interest,  hut  when  he  heheld  us  enter  the  cavern  he  was  hor;rified.  Having  prpr 
ceeded  about  twenty  paces  the  noise  caused  by  the  falling  w^ter  was  fearful,  and  a 
cold  chilling  blast  met  us.  From  this  point  the  caverp  extended  both  in  width  9pd 
height,  but  I  could  form  no  idea  of  its  dimensions.  We  cautiously  groped  our  w*y 
OB  m  tiie  i^oom  for  about  eighty  yards  from  the  entrar^ce,  when  we  could  see  tiie  rjy^ 
hound  into  ^  terriflc  abyss — "  black  as  Erebus," — ^^while  som.i?  white  yapopir  came 
wreathing  np.  giving  the  spot  a  most  supernatural  appearap.ce.  Few  pcr^^^iiB  copli 
stand  on  die  brink  ot  this  gulf  without  a  shudder ;  tlie  rparipg'c^  the  ^a|^  wm  ,dreip£ 
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fill  as  It  echoed  iq  the  ]oftv  dome.  It  was  impossible  to  Iiear  a  word  spoken :  no^ 
cpii|d  ^hi?  scene  be  contemplated  long, — there  was  something  too  fearful  for  the  strongs 
pst  nerves,  when  trying  to  peer  into  these  horrible  depths.  We  turned  away  and 
looked  towards  the  entrance ;  for  a  short  distance  the  sides  and  arch  were  lighted  up, 
but  the  great  space  and  vast  dome  were  lost  in  darkness.  I  sat  down  about  fifly  yaras 
froTsi  the  entrance^  and  in  the  twilight  ms^fie  9  sketch  of  the  scene.  On  leaving  the 
cavern  we  passed  round  some  jutting  rocks,  and  then  entered  the  narrow  chasm 
beyond.  Its  bed  was  covered  with  large  and  small  rounded  stones — proving  that 
'water  had  once  flowed  through  this  part  of  the  gorge,  and  I  have  no  doubt  it  still 
does  during  the  great  storms  in  the  mountains.  As  we  proceeded  onwar4«  the  ravinci 
narrowed  intp  ^  ipere  rept^  witl^  ov^r]ianging  crags,  rendering  the  place  dark  and 
fflopmy.  pi^r  progjress  was  slov^  an^  difficult,  i^nd  we  encountered  many  real  dapg^rs. 
Jlavipg  emerged  frqm  the  ravipe,  we  looked  down  on  the  last  low  ridge ;  this  appeared 
2|bf>ut  tl^ree  miles  across,  find  at  a  short  distance  beyond  we  saw  the  fire  of  our  com- 
paiJions  blading  brightly.  From  this  place  the  descent  was  steep ;  we  hurried  on,  and 
shoffly  afterwards  I  i^as  sitting  fit  our  camp  fire,  pot  sorry  at  having  3afely  conclpfled 
4n  ^dvepturous  day's  journey  of  sij^teen  hours;  but  the  toil  was  not  unrewarded*  I 
1|ad  conyinped  piyself  that  the  water  which  had  jiiurst  from  the  lak^  |iad  formed  t)ie 
epormoiis  channe)  through  the  plain. 

Noies  on  ike  Russo- Chinese  Frontier  and  ike  Amoor  River. 
By  W.  G.  Blackie,  PA./>.,  F.R.G.S. 

'7^^  authpr  reiparked  that  the  river  Amoor  claimed  atteptioo  in  consecjuence  of 
th^  pompat^nc)  of  its  navigation  having  passed  into  the  h^ds  of  the  Russians,  by 
whij;u  It  \i?A  h.'^n  upcu^J  to  cQrame|-ce  and  employed  as  a  picans  of  transporting 
prmisioijs,  munitions  ofwar,  and  soppJiea  of  troops  to  her  forts  on  the  Tacific-  It 
wiw  one  of  the  largest  rivers  in  Asia,  being  only  exceede<l  in  length  by  the  Yangtze 
ip  Chiuai  and  the  Yenessei  and  Lena  in  Siberia.  From  having  tUrcct  coipmutiica- 
tioH  with  the  North  Pacific  Oceao,  It  was  ^ijpcrtor  aa  a  commt^rcial  highway  for  con^ 
^ucting  intercourse  with  foreign  countries  to  the  other  rivers  of  Northern  Asia,  atf 
of  whirfi  tiowcd  into  the  almost  inaccessible  parts  of  the  Arctic  Sea.  Alter  descri- 
bing briefly  the  origin  and  guneral  coarse  of  the  riverr  whirb  is  navigable  for  steamer^ 
throughput  its  whole  course  to  the  junction  of  the  Shilka  and  the  Argun,  a  distance 
qf  probaliif  1500  etatutc  rnile^,  the  paper  proceeded  to  give  a  sketch  of  the  historv 
of  the  Ruasian  settlements  m  the  Amoorlandj  and  tlietr  relations  with  China  froni 
the  middle  of  the  17th  century  to  the  opening  of  tht'  Amoor  to  Eugsian  navigatiop, 
ceded  by  the  Chinese  in  1847,  and  thf?  aub3i,njuent  establishment  of  the  fort  of  Niko- 
l^pwsk,  at  the  mouth  of  the  river.  The  advantages  thus  gained  by  Russia  were 
njade  apparent  Ip  1854  and  1855,  when  large  stores  of  munitions  of  war  were  trans- 
ported from  Siberia  to  Shilkinsk  and  thence  down  the  Shilka  and  Amupr  to  the 
North  Pacific,  at  a  saving  of  nearly  3000  miles  of  land  carriage-  A  n^ore  dptaijed 
account  thqn  followed  of  the  chief  features  of  the  river,  the  territory  through  '^'hicli 
it  ruo^i  aiid  the  native  tribes  inhabiting  its  bauks.  In  regard  to  the  suitableness  of 
the  4istrict  for  colonizatlouj  the  genial  climate  prevailing  at  the  southern  bend  of  the 
Amooi'  was  adverted  to,  as  evinced  by  the  existence  of  the  wild* vine,  arid  the  prq- 
diiction  of  flti  (ijccdknt  <juaiity  of  tobacco.  The  season  during  \yhicb  the  river  is  open 
for  nayigatjon  from  the  ocean  waa  stated  to  be  from  about  the  middle  of  June  to  tb^ 
^pipi^o cement  of  Qctober.  At  Klai,  however,  the  Amoor  is  free  of  ice  fur  six  montlja* 
^Jliie  the  Bay  of  Castries  is  open  for  eight  mojiths  j  and  to  ensure  a  longer  season  for 
savigalioti  than  is  attainable  from  NiUolajewsk,  the  construction  of  a  railway  Is  said 
to  be  contOTpl^ted  hctwecu  Kisi  and  the  Bay  of  Ca&tries.  The  author  repacked  like- 
wise Olii  t|)e  great  advantage  likely  to  accrue  to  lluE^ia  from  the  facilities  awarded  by 
tjiia  river  %q  ^^t  SilJeri^^  for  sendiag  her  mijieral  and  otter  richer  to  tbo  ocean,  ana 
nscplying  foreign  articles  in  retufo  at  a  much  lowe^  pr^cc  l]\sm  formerly^  Jn  regard 
to  the  trade  with  China  aUo,  it  wns  observed  that  a  portion  of  the  merchandise,  yxQVf 
annually  E^ent  overland  to  Siberia  by  Ivi^chtijj  tjiight  ia  future  be  transported  by  sea 
to  the  Bii^rtith  of  the  Afligor,  apd  (.heneq  up  the  nyer  to  the  Interior  of  the  country. 
Attention  Was  directed  to  the  circumstance  of  ^n  active  trade  hclng  already  carried 
on  by  the  United  States  with  the  R^issiaiL  station  at  Nikolajewskj  and  the  inference 
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drawn  that  such  a  commerce  must  be  equally  advantageous  to  Great  Britain,  the 
voyage  from  London,  Liverpool,  and  Glasgow  to  Nikolajewsk  being  as  short  as  firom 
New  York;  while  from  Singapore,  Hong-Kong  or  Vancouver's  Island,  it  is  shocter 
than  from  San  Francisco.  

Notice  <fthe  Kanikars,  a  Hill-Side  Tribe  in  the  Kingdom  of  Travaneare. 
By  Astronomer  Broun,  F.ILS. 

On  the  Extension  of  Communications  to  Distant  Places  by  means  qfSieeirie 
Wires.    By  Major-General  Chesnby,  E.A.y  D.C.L.,  F.ItS. 

The  special  object  of  his  paper,  he  said,  was  to  urge  the  necessity  of  multiplying 
the  telegraphic  communications  of  this  country  with  all  parts  of  the  globe,  and  espe* 
cially  to  propose  a  new  electric  route  between  England  and  America.     He  regarded 
electric  wires  as  the  pioneers  of  vast  social  changes ;  and  if  this  view  were  correct, 
those  which  at  present  existed  would  form  but  a  small  portion  of  that  great  network 
of  "  swift  messengers,"  which,  if  Great  Britain  desired  to  maintain  her  present  mer- 
cantile supremacy,  must  speedily  connect  the  principal  parts  of  the  world.     This 
country^  in  fact,  must  follow  the  example  of  other  countries ;  for,  if  it  were  content 
to  see  one  portion  of  the  Anglo-Saxon  race  far  in  advance  of  itself,  and  America  en- 
joying the  lightning-like  intercourse  with  every  portion  of  her  vast  continent,  it  would 
probably  not  remain  equally  satisfied  to  see  Russia  turning  her  vast  means  to  ^ch 
an  account  as  might  secure  to  her  in  future  what  she  had  in  the  case  of  the  late  treaty 
with  China — priority  by  fully  a  fortnight  of  the  most  important  commercial  intdli* 
gence.    After  pointing  out  the  many  respects  in  which  a  country  derived  advantage 
from  being  able  instantly  to  send  communications  to  distant  places,  the  writer  gave 
a  summary  of  some  of  the  principal  lines  of  telegraph  which  have  been  made  in 
various  parts  of  the  world,  or  are  in  the  course  of  construction.     When  addressing 
this  Section  of  the  British  Association  last  year,  on  the  importance  of  railway 
communication  with  India,  he  endeavoured'  to  show  that  one  line  of  electric 
telegraph  might  be  laid  down  from  headland  to  headland,  along  the  Red  Sea,  and 
another  through  Arabia,  partly  in  the  bed  of  the  Tigris.    Both  had  been  commenced, 
and  each  would  probably  meet  with  difficulties,  and  even  interruptions,  but  only 
for  a  time,  as  the  Porte  was  prepared  to  give  the  necessary  protection.    Ere  long, 
he  hoped,  both  would  be  in  full  operation,  and,  by  having  a  double  line,  the  com- 
munication would  be  kept  up  by  one  set  of  wires,  in  case  of  any  accident  to  the 
other.    He  suggested,  that  for  still  greater  security,  a  third  line  should  be  carried  to 
the  Persian  Gulf.    The  latter  would  cross  the  Black  Sea  either  from  the  Danube  or 
Varna  to  Trebizond,  which  is  shorter  than  the  former  line  to  Balaklava.     It  wouki 
pass  without  any  difficulty  or  danger  by  Erzeroum,  Tabriz,  Teheran,  and  Ispahan  to 
the  Persian  Gulf  at  Bushire.     Moreover,  the  Shah  is  ready,  and  even  anxious  to  do 
the  Persian  portion  of  this  line  himself.     He  thought  that,  independent  of  Uie  ad- 
vantages of  having  three  lines,  in  case  of  any  interruption,  sufficient  employment 
would  be  found  for  all  three.     It  was  evident  that  it  was  equally  important  that 
electric  messages  from  this  country  to  America  should  not  depend  upon  a  single 
cable.    Full  employment  would  be  given  at  all  times  to  several  sets  of  wires ;  and  as 
it  was  now  certain  that  submarine  communications  with  America  were  quite  prac- 
ticable, at  least  two  additional  cables  should  be  laid  down  across  the  Atlantic,    He 
thought  that  the  difficulty  caused  by  the  distance  between  Iceland  and  Ne^ond- 
land  might  be  greatly  lessened  by  taking  another  route  to  the  latter ;  namely,  that 
of  Iceland  and  Greenland,  as  by  this  line  the  greatest  distance  from  land  to  land 
would  not  exceed  430  miles.    The  ice  and  the  icebergs  appeared  to  be  the  only  diffi- 
culties likely  to  be  encountered,  and  he  thought  they  would  not  prove  to  be  very 
serious.  But  as  the  latter  when  floated  do  not,  and  in  fact  cannot  touch  the  bottom, 
it  is  the  opinion  of  Sir  Roderick  Murchison,  and  other  eminent  men  also,  that  the 
proposed  Ime  is  eminently  practicable. 

On  Dr.  Prichard  8  Identification  of  the  Russians  with  the  SoxoUmi. 
By  Richard  Cull. 
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On  the  Phygieai  Geography  of  the  Neighbourhood  of  Bombay^  eu  affecting 
the  Design  of  the  Warhs  recently  erected  for  the  Water  Supply  of  that  City. 
By  H.  CoNYBEARE,  C.E.,  F.G.S. 

The  water  is  collected  in  an  immense  reservoir,  the  largest  in  the  world,  about 
fourteen  miles  from  Bombay.  This  reservoir  is  made  by  damming  up  a  portion  of 
the  valley  of  the  Ghoper,  and  the  full  extent  of  it  is  1394  acres.  As  the  raius  fall 
only  once  in  a  year,  it  is  necessary  to  have  a  store  of  water  for  a  twelvemonth's  con- 
sumption, and  this  is  now  supplied.  There  were  both  engineering  difficulties  and 
facilities  in  the  work  undertaken,  and  these  were  described  by  the  author.  The 
700,000  inhabitants  of  Bombay  were  now  well  supplied  with  water.  There  were 
self-closing  public  conduits  in  the  streets  for  the  supply  of  the  poor.  In  these  works 
it  had  been  necessary  to  guard  against  offending  the  feelings  or  prejudices  of  the 
native  inhabitants ;  hence  in  the  valves  and  other  appliances  requisite  in  the  distribu* 
tion  of  the  water  neither  leather  nor  animal  fat  could  be  used. 


On  the  Effects  of  Commixture,  Locality ,  Climate,  and  Food  on  the  Races  of 
Man.  By  J.  Crawfurd,  F.G.S. 
The  writer  gave  a  review  of  the  commixture  of  various  nations,  its  effects  on  the 
mental  faculties  of  the  different  populations,  their  physical  characteristics,  and  lan- 
guage. He  glanced  at  the  effects  of  a  change  of  climate  upon  any  particular  race. 
It  did  not  appear,  he  said,  that  colour  and  the  more  prominent  physical  attributes, 
or  mental  capacity,  had  any  necessary  connexion  with  climate ;  nor  did  he  think  that 
climate  altered  the  physical  form  and  mental  faculties  of  a  race  transferred  from  its 
original  locality  to  a  new  one.  He  then  pointed  out,  at  some  length,  that  the 
varieties  of  climate  had  a  great  influence  upon  the  mental  powers  of  a  people  ;•  and 
proceeded  to  consider,  under  the  last  head  of  his  paper,  the  quc^on  of  diet  in  rela- 
tion to  the  physical  and  mental  character  of  a  people.  The  physical  character  of  a 
race,  he  said,  did  not  seem  to  be  in  any  respect  altered  by  the  nature  of  the  vegetable 
diet  of  which  it  partook,  provided  the  quantity  were  sufficient  and  the  quality  whole- 
some ;  but  when  the  question  of  the  diet  of  a  people  related  to  mental  development, 
the  qoalit^  assumed  an  important  aspect.  No  race  of  man,  it  might  be  safely  asserted, 
ever  acquired  any  respectable  amount  of  civilization  that  had  not  some  cereal  for  a 
portion  of  its  food.  

Observations  on  the  Lahe  District.    By  J.  Davy,  M.D^  F.R.S. 

In  this  paper  the  physical  geography  of  the  Lake  District  was  chiefly  treated  of 
in  relation  to  the  varied  beauty  of  its  scenery,  the  peculiarities  of  its  climate,  and  the 
character  of  its  native  population.  Its  beauty  was  referred  to  several  circumstances, 
such  as  the  admirable  intermixture  of  the  wild  and  cultivated,  of  lake,  mountain  and 
meadow ;  the  graceful  forms  of  the  lower  hills  (attributable  to  glacial  action)  con- 
trasted with  the  asperities  of  the  higher,  the  mountain  ridges  and  peaks ;  the  youth- 
ful freshness  of  the  woodlands,  chiefly  coppice,  carefully  attended  to  and  regularly 
cut,  not  without  admixture  of  ornamental  planting.  Its  climate  was  described  as 
most  remarkable  for  summer  coolness  and  winter  mildness,  for  the  large  amount  of 
rain  (partly  the  cause  of  both)  without  unusual  frequency  of  showers,  and  with 
moderate  dryness  of  air,  connected  with  absence  of  clay  and  a  rapid  drainage. 
The  people  of  the  district,  chiefly  pastoral  in  their  occupation,  of  robust  make,  and 
of  Norse  origin,  were  made  mention  of  as  marked  for  good  sense,  and  for  thrift  in 
their  dealings,  rather  than  for  imaginative  power.  In  concluding,  attention  was 
called  to  the  influence  of  localities  on  health,  and  to  the  beneficial  effects  of  residen- 
cies at  certain  heights,  approaching  1000  feet  above  the  level  of  the  sea.  In  proof 
of  the  salubrity  of  the  climate  (apart  from  the  ill-drained  towns  and  villages),  the 
exemption  hitherto  of  its  dales  from  cholera  was  adduced,  and  the  longevity  of  its 
dalesmen.  __« 

On  Pac^  Railway  Schemes,  as  communicated  by  the  Earl  of  Malmesbury 
to  the  President  of  the  Royal  Geographical  Society.  By  Consul  Donohoe. 
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On  tfc  Vonfyu^Hon  of  the  Surface  tf  ^  Eartt. 
J5y  the  Kev.  J.  Dingle. 
Assuming,  on  the  usual  grounds,  that  the  earth  is  a  body  that  has  cooled  flown 
ft-bm  a  state  of  incandescence,  the  author  pointed  out  how  the  natural  coh^fetjuences 
of  thitt  hypothesis  are  distinctly  traceablfe  iri  the  present  configbtation  df  thfe  feafHi; 
so  as  to  i&Ford  a  general  sketch  of  its  histoi-y.  ^rom  the  relations  which  the  nidafl- 
tain  sy^tein^  l^t^ir  to  each  bthfer  ahd  to  the  land,  hfe  iilferred  that  the  gferins  df  ih&k 
Had  originated  about  the  same  time  in  the  Earliest  period  of  the  earth's  ctui&t  JMfe 
cdrrents  of  a  prihiitivfe  ocean,  ds  determined  by  knowh  physical  lai*g  ahd  itibdifled  by 
the  thouiitain  system^  already  fbi-nied,  appetired  to  hitn  necessarily  to  have  ltd  to  tltt 
fbtmation  of  the  grfeat  continents  ih  their  presfent  pbsitiori,  and  vthkn  tstkish  lii  «»ii- 
nexion  ^^ith  thfe  vertical  forces  operating  from  beneath,  to  acfcoiint  Tor  ill  thfeir  gcb- 
grtt|)hicdi  tod  geological  featiiresl  so  fkr  as  they  have  hitherto  been  investigated; 

IAhgu(ige  ho  Test  of  Race.    By  the  Rev.  G.  C.  GbldarI". 

First,  in  a  negative  point  of  vie#,  it  i^as  attenlpted  to  ^how  that  language  is  too 
un(rertain  ah  ethnological  test  to  be  of  any  practic&d  value.  This  was  inftiaiiccd  by 
the  tomplete  discrepaocy  which  exists  at  this  moment  bfetWeeh  the  rates  liiid  the 
languages  of  the  British  Isles.  Cumberland  and  Com^all^  fbr  eitamplt;  in  language; 
agree  with  LK)ndon,  and  disagree  with  Wales ;  while>  te  to  race,  it  is  directly  tfate 
reverse.  AUo,  by  the  agreement  in  speech,  notwithstanding  the  wide  discbnnexion 
of  race  between  the  Israelites  and  the  Canaanites — the  genuine  Arabs  abd.tbfe  Arabic- 
apeaking  papulations  in  Asia  and  Africa — the  Turks  and  the  Greek-Chri&tians  m 
Anatolia — the  Romans  and  their  subjects  in  Spain;  6sul,  Etruriit,  8tc. — ^the  GkmiiniB 
and  the  Sclavoniaiis*  now  absorbed  by  theta  ih  Prussia  and  North  Germany — the 
Bulgarians  and  the  $clavortians,~the  Magyars  and  the  Ckofaianians — luid  b^  inany 
similar  examples;  the  accumulative  evidence  of  ail  amounted  to  this,  tnat  since  in 
so  mftny  cases  where  the  ethnological  indications  of  language  can  be  cbih[iitred  witii 
the  actual  testimony  of  history,  the  latter  completely  contradicts  ^e  Ibrtner;  "a 
common,  language  is"  not  even  "prima  facie  evideoce  in  favbur  of  a  eommoii 
lineage/' 

It  was  remarked  that  the  probability  of  language  being  a  faliabiotts  teat  of  ittoe 
must  increase  in  direct  proportion  to  the  complexity  of  the  particular  race's  expe- 
riences. Biit  since  it  is  pli^n  that  without  the  aid  of  hi^ory  we  can  never  calca- 
late  the  degree  of  this  complexity  (from  the  fact  that  all  barbarous  nations  show 
signs  of  decadence  fVom  a  lost  civilization),  there  is  no  more  gix)uiid  in  the  case  of 
the  ihost  savage  than  of  the  most  civilized  race,  to  assume  that  the  existing  laugiiaj^ 
ih  the  original  oiife.  In  Australia,  e.  g,,  the  native  languages  are  radically  one ;  bat 
this  forms  no  cbticlusivb  proof  of  the  uhity  of  the  races,  in  the  absence  of  liistorical 
evidence  of  this  one  language  having  been  in  primitive  times  common  to  them  all. 
Its  diffusion  may  very  possibly  be  the  result  of  artificial  influences  of  which  no  re- 
cbrd  exists. 

Secondly,  in  sl  positive  point  of  view.  It  was  shown  that  ih  all  the  instances  above 
cited,  there  had  taken  place  between  the  races,  a  close  assimilation  qt  (1)  Politicals 
(2)  Religious,  (3)  Intellectual,  or  (4)  general  Social  relations,  or  of  any,  or  all  bf 
diesfe  Coihbined ;  and  it  \<ras  suggested  that  it  is  such  an  assimilation,  aha  not  unity 
df  race,  that  utiity  in  Idnguage  nghtly  typifies.  The  principle  was  applied  in  detail. 
Thus,  Ih  Cumberland  and  Cornwall,  the  assimilation  in  language  with  London  was 
exhibitfed  as  the  result  of  ft  loss  of  that  national  feeling,  the  permanence  of  which  in 
Wales  ha^  preserved  thie  provincial  Celtic ;  and  not  as  the  sign  of  a  greater  com- 
mixturfe  of  races  in  the  two  formei:  districts  than  m  the  last.  The  community  of 
language  between  the  Abrahamidee  and  the  Canaanites  was  referred  to  their  social 
ihtercourse  from  the  time  of  Abraham's  migration  into  Canaan,  until  Jacoli's  descent 
into  Egypt.  The  prevalence  of  Arabic  or  Turkish,  in  countries  where  Islam  is  domi- 
nant, represented  jthe  extent  to  which  the  Mahometan  conquest  has  affected  the 
fiatoits  and  institutions  df  its  subjects.  The  existence  of  the  Neo-Ldtin  languages 
wito  interpreted  as  a  mark  of  the  ^gerness  of  the  Roman  provincial  to  obtain  the 
'civitas,'  and  with  it  to  adopt  the  'Lstinitas.'    The  Teutonic  speech  which  has 
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bvetwhelnied  tlie  Wendiflh  ihd  ihtsdiab  langu^es  Iti  Nbrth  trerinanV'wAft  the  ffi^ 
sure  of  the  inilitary  and  political  force  of  the  Teutonic  Order  and  tne  "  RtituUth^ 
Reich/*  The  Sclavonic  of  modern  Bulgariil  was  attributed  to  the  ftctidu  of  thlit 
church  of  Which  Cyril  and  Methodius  were  the  founders  $  and  the  Magyar  language 
in  the  Ckomanian  districts  df  Huhgary  Was  ilccounted  fbr  by  the  CoUteUted  Adhesiott 
df  the  Ckomans  to  the  Hungarian  constitution. 

The  sum  of  the  whole  was,  that  it  is  not  safe  to  infer  from  aftnlt^  between  th^ 
language  of  two  nations  more  than  this>  that  there  was  a  time  when  there  existed 
between  them  civil,  religiousi  or  some  sort  of  social  relations.  Language  was  thcf 
product  and  token  of  a  nation's  political,  moral>  or  intellectual,  but  not  of  its  phy- 
sical constitutiob.  tt  would  not  reveal  a  people's  genealogy,  but  ltd  mebtal  and 
social  histdry;  Should  it  eVei-  be  proved  that  All  languages  were  derived  (kam  one 
original,  the  dole  valid  inferenee  would  be^  that  at  some  time  one  toVereigil  rats  had 
Ituposed  upott  all  the  i^t  ItA  own  poUticAl  or  socikl  institutionsi  whila  ths  griAl 
queltion  of  th^  number  of  races  would  r«maih  Just  Where  it  fttoodi 

■  ■••  ■  •• 

A  Short  NbHOi  of  the  PtopU  tf  Otftfe,  and  o/theii'  kadinff  ChorOdefUH^st 
By  H.  M.  Greenhow. 

The  Sepoys  of  the  late  Bengal  army  deserve  a  short  notice*  Drawn  principally 
from  resp^table  agricultural  families  in  Oude»  they  were  often  the  younger  sons  of 
such  families^  Fine^  tall,  athletic  meni  with  handsome  features  generally,  and  well- 
knit  frameSi  they  were  the  very  flower  of  the  youth  of  Oude^  Fbnd  of  their  homes, 
imd  having  occasional  fhriough— evep  if  serving  in  the  distant  stations  of  the  Boma 
bay  Presidency>  or  in  Burmahi— for  the  purpose  of  visiting  them ;  ei^oying  su&cieni 
payi  and  the  prospect  of  pension  aftet  faithful  service  {  having*  too,  certain  privi- 
leges 9f  their  own>  more  especially  at  the  Ckmrt  of  Lucknow^  before  that  Court  was 
a^ii^ed>  the  Sepoys  of  Oude  vrere  a  set  of  men  honoured  by  their  own  people  and 
trusted  by  their  officers.  When  led  in  battle  by  the  latter  they  were  brave  and  faitb- 
lUl  I  en  the  march  or  in  cantonments  they  were  orderly  and  obedient  (  in  private 
kitertenrse  they  were  gentle  and  polite»  Ignorant,  bigoted^  and  prejudiced  they 
alwaya  were  i  and  to  ignorance,  bigotry,  and  prejudice  may  be  in  a  great  measure 
•scribed  the  ease  with  which,  in  the  hour  of  trials  their  ears  were  opened  to  the  voice 
ef  treason>  and  they  forgot  their  honour  aud  their  oaths.  The  author  added,  that 
the  treachery  and  cruelty  whieh  seem  to  be  inherent  in  the  Asiatic  nature*  and  which 
no  eltent  of  education  had  as  yet  even  modified  in  the  natives  of  India*  showed  itself 
in  the  Sepoy  character  during  the  late  mutiny  in  an  unmistakeable  and  repulsive 
form.  The  paper  gave  various  details  in  connexion  with  the  characteristics  of  Oude 
and  its  inhabitants,  .—_— _^ 

Oniki  Gtem^rical  Profeeiian  i^ two-thirds  t^ihe  Swfaceqfthe  Sjphere.  By 
Colonel  H.  Jambs*  B.E.,  FM.S^  St^>entUendent  ^ihe  Ordmmee  Smrm^ 

Two  maps  were  exhibited  which  were  draWn  on  thb  projection,  and  described  by 
Colonel  James.  The  hemisphere  was  first  projected  by  HipparchUs  1200  yelurs  before 
Christ,  but  this  is  the  first  time  that  a  geometrical  projection  of  more  than  h  hemi- 
sphere has  been  made.  One  of  the  maps  exhibited  contained  the  North  cirCumpolar 
regions,  and  all  Europe,  Asia,  Africa,  and  America ;  the  other  contained  the  Soudi 
polar  tiegions  and  the  Pacific  Ocean,  with  a  large  portion  of  North  and  South  Ame- 
rica and  of  Asia.  The  peculiar  advantage  of  the  projection  consists  in  the  accurate 
representation  which  it  gives  of  the  relative  position  of  all  parts  of  the  eardi  to  each 
other,  an  advantage  whidi  no  other  projection  possesses,  and  which  cannot  be  db* 
tauned  even  fh>m  the  inspection  of  a  globe. 


Ontke  Om^raiDiatrUmihHifthe  Varietieg  cf  Lanynrng^  and Phynod  Ckm^ 
prmaHhH^  with  remarks  ^pon  the  NeOmre  &fE^hmo4offU^  Gn^tff^  By 
R.  G.  LAtttAM,  M.D.,  F.R.S. 

The  principle  which  he  held  was  that«  in  ethnological  investigations,  the  method 
which  ought  to  be  pursued  was  that  of  the  geologist  rather  than  the  hbtorian — the 
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geologist,  argabg  back  from  effects  to  cause,  rather  than  the  historian,  who  trusts 
to  testimony  in  preference  to  facts.  He  also  especially  urged  that  it  was  importact 
to  bear  in  mind  what  was  a  true  principle  in  zoology  and  the  natural  history  sciencef, 
and  not  to  trust  too  exclusively  to  one  characteristic.  He  did  not,  he  said,  believe 
that  in  ethnology  any  great  discovery  would  be  made,  and  he  thought  it  was  better 
not  to  attempt  to  give  any  opinion  as  to  the  question  of  the  unity  or  the  non*anity 
of  the  human  race. 


On  the  Yang-tse^Keang  and  the  Hwang-ho,  or  Yellow  River.    By  William 
LocKHART,  F.R.G.S.     CommnniocUed  by  Dr.  Norton  Shaw. 

This  river,  it  appeared,  was  called  by  the  Chinese  "The  Girdle  of  China,"  and  it 
traversed  the  whole  of  the  centre  of  the  empire,  rolling  its  flood  of  water  to  the  sea^ 
through  the  richest  and  most  fertile  part  of  the  country.  Its  importance  to  China 
could  not  be  too  highly  estimated,  and  it  might  be  safely  asserted  that  there  was  no 
river  in  the  world  which  had  on  its  banks  so  numerous  a  population,  amounting  to 
at  least  one  hundred  millions  of  people,  who  were  sustained  by  its  waters  in  the 
pursuits  of  commerce  and  agriculture.  There  were  more  than  100  cities  of  the  first, 
second,  and  third  classes,  and  200  towns  and  villages  which  could  be  approached 
directly  from  its  water-way.  From  its  origin  in  Tibet  to  its  outlet  at  the  sea,  its 
course  was  about  3000  miles,  the  points  being  distant  in  a  direct  line  1850  milesy 
and  the  basin  drained  by  its  channel  being  nearly  800,000  square  miles.  The  com- 
merce of  many  of  the  places  situate  on  the  borders  of  the  river  was  very  important. 
Persons  engaged  in  eveiy  variety  of  trade  resorted  to  Han-Khow  for  the  exchange  of 
their  respective  commodities ;  men  from  the  north  and  west,  from  Mongolia  to  Tibet 
and  Sze-chuen,  brought  their  wheat,  rice,  dried  and  salted  vegetables  of  every  kind, 
bamboo  sprouts,  horses,  sheep,  furs,  skins,  coal,  lead,  jade  or  nephrite,  gold  in  large 
quantities,  rhubarb,  musk,  wax,  and  various  drugs  of  northern  growth,  and  exchanged 
tnem  for  tea,  silk,  camphor,  opium,  various  southern  drugs,  and  above  all,  for  very 
large  quantities  of  Manchester  and  Leeds  goods.  The  quantity  of  long  cloth  and 
cotton  goods  that  passed  through  Han-Khow  was  probably  more  than  half  of  the 
whole  brought  to  China,  and  access  to  this  spot  was  of  great  importance.  It  had 
long  been  much  desired  by  merchants  that  they  should  be  able  to  inspect  personally 
the  trade  of  this  place  and  take  part  in  it,  as,  from  the  accounts  brought  by  native 
traders,  it  would  appear  to  be  one  of  the  most  important — if  not  the  most  important 
— mart  in  all  Asia.  The  paper  referred  to  other  places  situate  on  the  river,  and  de- 
scribed their  principal  features. 

Extracts  from  a  Letter  by  Mr,  William  Russell  to  the  President, 

The  President  gave  some  particulars,  contained  in  a  letter  dated  Simla,  24th  of 
July,  which  he  had  received  &om  Mr.  William  Russell,  the  well-known  correspond- 
ent of  the  Time9,  confirming  the  rumours  of  the  death  of  M.  Adolphe  Schlagintvi^it, 
at  Yarkand.  He  (the  Chairman)  regretted  to  say  that  there  was  no  longer  any  doubt 
of  the  death  of  this  adventurous  traveller.  After  penetrating  as  far  as  Yarkand, 
where  no  European  had  ever  been  before,  he  was  living  in  the  suburbs  of  that  city 
at  a  period  when  a  war  ^»roke  out  between  the  Yarkandese  and  the  Chinese,  and  he 
was  slain  by  a  number  of  the  former,  who  surrojunded  his  house  in  the  night-time. 
Fortunately  the  chief  portion  of  his  papers  would  be  saved,  M.  Schlagintweit  having 
left  them,  before  proceeding  to  Yarkand,  at  a  place  within  the  range  of  British  in- 
fluence. His  travels  were  of  much  importance,  as  no  region  so  far  to  the  north- 
west of  India  as  Yarkand  had  been  previously  visited  by  a  European.  M.  Schlagint- 
weit and  his  two  brothers  had  travelled  by  the  authority  and  at  the  expense  of  the 
East  India  Company.  The  brothers  Hermann  and  Robert  did  not  penetrate  as  far 
as  Yarkand,  and  had  since  returned  to  Europe ;  a  sketch  of  their  adventurous  travels 
across  the  Karakorum  and  Kuen  i^uen  chains  to  the  North  of  the  Himalaya  having 
been  given  by  Sir  Roderick  Murchison  in  his  last  Anniversary  Address  to  the  Royal 
Geographical  Society. 
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On  the  Namgaticn  of  the  Ucat/cUh  an  Affluent  of  the  Amazons. 
By  C.  R.  Markham. 

A  Geognostic  Sketch  (fthe  Western  Position  of  Timor. 
By  Dr.  S.  Muller. 

Reports  to  Her  Majesty^ s  Government  on  the  Physical  Geography  of  the 
Country  examined  by  the  Expedition  exploring  the  South-  Western  Regions 
of  British  North  America.    By  Capt  J.  Palliser  and  Dr.  Hector, 

Tbe  communications  alluded  principally  to  the  investigation  which  had  hecn  made 
-with  a  view  of  forming  a  communication  through  the  British  dominions.  The 
reports  considered  it  very  important  that  a  route  snould  be  established  through  the 
British  territory,  for  the  encouragement  of  emigration,  and  the  transport  of  the  future 
produce  from  Red  River  and  the  Great  Western  plains  to  Canada.  The  Canadian 
Government  had  offered  £5000  for  the  establishment  of  a  route  between  Lake  Supe- 
rior and  Red  River,  and  an  engineering  party  had  already  commenced  a  portion  of  it. 

On  the  Geography  of  British  North  America^  more  particularly  British 
Columbia,  Frazer  River,  S^c.  By  Norton  Shaw,  M,D.,  Secretary 
to  the  Royal  Geographical  Society  of  London. 

Dr.  Shav7  gave  an  account  of  tbe  various  discoveries  which  have  been  made  in  North 
America,  alluding  minutely  to  those  made  prior  to,  as  well  as  since  the  cession  of 
Canada  by  France  to  Great  Britain  in  the  year  1763,  and  then  proceeded  to  describe 
the  geographical  position  of  the  Frazer  River,  the  boundaries  and  limits  of  British 
Noi&  America,  the  mountains  of  the  coast,  called  the  Cascade  Mountains ;  the 
Rodcy  Mountains,  and  British  Columbia.  He  attributed  the  earlier  exploration  of 
the  interior  to  the  French,  rather  than  to  the  English  settlers,  the  latter  having  con* 
fined  their  attention  chiefly  to  agricultural  pursuits.  Dr.  Shaw  then  referred  to  the 
rewards  offered  by  Parliament  for  the  discovery  of  a  north-west  passage,  and  to  the 
explorations  made  by  an  organized  association  of  the  traders  of  Canada,  under  the 
name  of  the  "  North- West  Company,"  whose  right  of  trading  they  had  not  un- 
reasonably supposed  to  be  independent  of  the  Charter  of  the  Hudson  Bay  Company, 
since  it  had  existed  before  the  cession  of  Canada  to  England.  Speaking  of  British 
Columbia,  he  said  that  the  face  of  the  country  presented  a  succession  of  mountain 
ridges,  valleys,  and  plains,  the  more  fertile  districts  lying,  for  the  most  part,  between 
the  Cascade  Mountains  and  the  Pacific.  That  portion  of  the  country  which  lay  be« 
tween  the  Cascade  Mountains  and  tbe  Pacific  was  subject  to  a  remarkably  equal  tempe- 
rature, the  mean  being  about  54^  Fahr.  There  was  only  about  four  months  of  winter, 
and  all  fruits  and  vegetables  were  as  early  as  in  Canada.  In  several  respects  the  climate 
of  the  middle  section  was  less  favourable :  it  was  subject  to  droughts,  and  was  warmer 
in  summer  and  colder  in  winter.  The  air,  however,  was  pure  and  healthy.  The 
eastern  section,  amid  the  snows  of  the  Rocky  Mountains,  could  not  be  praised  for 
its  climate.  The  western  section  was  well  adapted  for  agricultural  and  horticultural 
operations,  llie  middle  section  was  favourably  mentioned ;  and  in  the  course  of  his 
remarks  about  the  Frazer  River,  Dr.  Shaw  stated  that  it  abounded  in  fish,  as  also  did 
the  other  rivers  in  the  district.  Geese,  ducks,  and  water  fowl  were  plentiful  in  the 
spring  and  summer.  In  the  eastern  section  of  the  country  wild  animals  of  various 
kinds  were  met  with  in  great  numbers.  After  having  mentioned  the  auriferous 
deposits  lately  discovered  on  the  Frazer  River,  Dr.  Shaw  dilated  upon  the  probable 
communication  by  water  and  rail  through  British  North  Ameiica  via  the  Passes  of 
the  Rocky  Mountains,  connecting  thus  in  future  the  dense  populations  of  Western 
Europe  with  those  of  Eastern  Asia. 

iMer  to  Sir  R.  I-  Murcbison  on  the  Project  of  a  Canal  across  the  Isthmus  of 
Eraw,  which  divides  the  Gulf  of  Bengal  from  that  of  Siam.    By  Sir  R. 

SCHOMBURGK. 

In  this  letter^  Sur  R.  Schomburgk,  Her  Majesty's  Consul  at  the  Court  of  Siam^ 
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announces  his  Intention  6f  personally  ejtanjlnio^  iht;  nJtHiHi  W  tbe  ^toand  whidi 
occupies  the  narrow  Isthmus  of  Kraw,  and  sepatfttes  the  Gulf  of  Bengal  fix)m  that 
of  Siam.  

On  a  Method  for  the  Spherkcd  Printing  of  Globes. 
By  M.  I.  Joseph  Silbermann. 
The  merit  claimed  fbr  M.  SilbermHitn'fl  \t\vtni\<in  wte^  that  fay  It  glob^  could  be 
made  hiore  cheaply;  rnpldly^  and  accurately  tlian  upon  the  ti^ual  plan.  Tiro  cojiper 
hemispher^d  bre.  Employed,  in  which  small  globes  are  cast  entire*  and  large  6ne«  by 
partially  illling  tliem  with  a  kind  of  pulp,  and  introducing  an  India  rubber  bag,  which 
H  inflated  by  powerful  pressUi-e ;  tind  in  that  way  the  p(fl|<  1^  forced  iiitb  the  6i«ricet 
of  the  hiould.  '  

Oh  the  Lacustrine  Homes  <^  the  Ancient  Stviss.    Jby  M.  Troyon. 

The  olj^ct  of  the  pdpet  wks  to  direct  attention  to  the  remains  of  Ancient  cabins  of 
houses  built  on  nilcs  on  the  banks  ahd  in  tnany  of  the  lakes  of  Switzerland.  These 
dwelUng-places  nad  been  erected  so  that  they  might  be  surrounded  by  water  as  a  pro- 
^ct^pn  from  wild  beasts  and  the  enemies  of  the  inliabitahts.  Retnains  of  flint  arrow- 
heads, stone  axes,  flint  knives^  and  othe,r  tude  articles  were  found,  and  were  some 
indication  of  the  state  of  civilization  and  knowledge  to  wliich  the  inhabitants  nad 
attained.  _^^_ 

fcfnf^c  PormaHoh  of  a  Rditway  from  the  Allantid  tb  the  Puptjtt  CbeM, 
through  th£  Britisfi  Possessions  of  North  America,  JBy  A.  Whitney,  ^ 
New  York. 

The  #Ht^r  coihmenbed  his  paper  by  ezplainidg  at  bohie  iM^h  thti  t«Mon9  Why 
he  i^as  convibced  that  the  United  States  wotild  netei-  attempt  the  cOhStructitfn  df 
lltiy  shch  line  df  rililway,  ahd  then  dbserted  that^  had  his  t^lad  been  adbpted^  M 
Work  cbtild  have  been  coinhienced  oh  the  western  shore  Of  Lake  Mithigani  When 
tiiere  ^erb  timber>  materials,  and  easy  cointhunication  with  settlement  and  dtilU 
zatioh;  hiid  evetythitig  to  fabilitate  settlement  bti  its  line  the  lines :  to  conntet  wiUl 
it  ft-otii  the  Atlantic,  passing  through  but  two  States,  cohid  fVdm  netessiqr  hifC 
been  made  ttibtitary  to  its  operation  and  mahagement  frbtn  Uie  Lake  to  thfe  Padflei 
Congress  then  had  power  over  it^  ahd  all  the  streams  could  have  been  bridged  \ 
)io  that  an  uninterrupted  commtinieation  from  ocean  to  oceab  wouM  have  beeci 
fot  ever  idi^f,    A  cargb  of  merchandise  could  have  passed  ftovA  the  Atlantic  td  the 
Pacific  Without  transhipment,  and  as  this  road  from  the  Lake  to  the  Pkcific  WimM 
have  bcbh  free,  btcept  tolls  niecessarv  for  operations  and  repairs,  the  charge  for 
transit  wohld  have  been  So  low,  together  with  the  great  sating  m  time^  that  thi 
commerce  of  Europe  with  Asia  would  have  beeb  forced  over  it.    This  was  noW  all 
lost  to  the  United  States.    The  author  of  the  paper  continued  by  sayuig,  he  had 
never  believed  that  a  railroad  to  the  Pacific  could  ultimately  benefit  either  Eurot^e  or 
teb  Atlantic  slopb  of  America,  unless  the  commerce  of  Enrope  with  Asia  could  be 
made  to  pass  over  it,  leaving  England  with  her  present  manufacturing  and  commer- 
cial position  and  relations,  and  augmenting  her  power  over  bdth.    Thfe  immtose 
business  which  the  commerce  and  intercourse  between  Europe  and  Asia  would  giv* 
to  the  road  must^  as  a  natural  tesult,  form  a  foundation  for  the  employmtet  of  a 
deiisely  populated  belt  fh)m  ocean  to  ocean,  and  as  far  as  the  soil  tod  dithate  might 
suit,  mostly  an  agricultural  people.    This  belt  would  take  the  surplus  poptilatmh 
tVom  Europe,  and  make  the  oroducers  of  food  to  etchange  for  English  maiiufhctureS 
bn  one  side  ahd  Asi&tic  products  on  the  other,  thus  benefiting  to  a  vast  extent  ^e 
population  of  both  Europe  and  Asia,  by  giving  to  eOch  the  means  to  consume  moi% 
largely  of  the  other's  products.     If  these  great  results  could  not  be  attained,  what 
benefit  to  England,  or  to  tiie  United  States  even,  could  foe  looked  for  from  a  nutttMd 
to  tiie  Pacific^    When  he  was  last  in  England  <ih  1851)  he  fo^isd  many  wtan 
advocates  for  the  construction  of  a  railway  over  British  territory.    It  was  theD>  as 
now>  his  firm  belief  that  this  work  could  not  be  accompHshed  through  a  wilderness 
so  vast,  except  by  a  sysVem  of  settlement  ahd  bivilizatioh  to  be  cbilheclM  With  the 
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Wbi-I.  rie  theii  fbtitid  tluii  oil  ft  line  feo  (kr  nottb  the  climate  and  lands  ¥6xM  not 
be  as  i^eli  stilted  to  Bettleiitent  tod  ciilture  a^  further  soath,  on  territory  of  the 
United  Stilted ;  but  he  had  since  examided  the  subject  tiidre  thoroughly,  and  found 
a  lUrg^  cxtefat  of  bbuhtry  bn  the  British  side  well  ada^ited  to  settlement  and  culture. 
At  the  Selkii^k  sfettlblhehti  fhrther  north  even  thkn  hecessary  for  the  line  Of  the  rbdd, 
Whekt,  ry^i  bftrlty,  oats,  potiitoes,  drid  feveri  Indian  corn;  were  cultivated  to  perftc- 
tibti,  thb  yield  Idrge  dnd  ^iti  fine,  ahd  almost  thie  edtlre  line  oh  this  side  wotild  b€ 
a  ^od  gitlBs  cbuhtry.  The  Pacific  side  fbr  some  parallels  was  ItP  mildfer.  The 
Biitish  sidb  ^kB  fkt-  the  thost  fdvotirable  for  coilstrdcting  a  1-ailroad  with  touch  lowbr 
gfdd^.  Fi-bm  Lake  Siiperlor  tb  the  Rocky  Mountain  Rkhg^  Was  almost  a  level 
cbUhlrJ;  Kedt  50°  |iai-dllel  the  strcath  divided,  running  hortH-ca$t6rly  dtld  Sottth- 
edsterlv,  and  hbrth  of  45°  pkrdllel  the  inountains  sloped  to  the  Arbtic  Oceail,  atid 
liowhferc  north  bf  30^  Bid  they  eleVate  their  pedks  above  5500  ffefet,  with  inanV  de- 
pt^sslons  t)ractlfcablb  for  k  rtulwav.  Was  not  thiis;  then,  the  toute  for  the  conitnerce 
betWceh  Europe  and  Asia?  Mr.  Whitiley  [jointed  out  that  thei-b  was  excellent 
tiarbohi*  accointiiodation  at  Hkliihx,  od  the  AtlaUtic  side;  and  Puget  Sbund  on  thb 
Pbcific  sldb,  dnd  observed  thdt  these  two  jllaces  woUld  fonU  excellent  dfebSts  fbi*  the 
cbtotherce  df  feurope,  Asia,  thfe  American  continent,  ahd  ihdfeed  the  whole  woHd.' 
A  cargo  of  inerchandidb  might  then  pass  from  the  Atlantic  to  thb  Paclfib  without 
trati§hipment  or  delay,  and  the  actual  distance  fVom  England  to  China  Was  sbme  2ddd 
miles  less  thiin  ahy  rOute  likely  to  be  fixQd  upon  by  the  iJilited  dtateS.  Patidma 
RailWdy  and  the  projected  rail^y  across  Mexicb  weire  tt-uly  great  entferpriseS;  bilfc 
people  Werfc  mistttkeh  ks  to  their  probablb  results.  They  would  cei-tdinlr  facilitate 
travel  dhd  intercourse  with  California,  Oregotl,  ahd  th^  Sdhdwich  Islands,  Btit  not 
sb  y/Hth  Ahstrdlid,  the  bthet  isldtids,  China,  add  India ;  bebadse  the  kdilihg  dUtkbce 
from  Engltthd  and  Anstl^lla,  China,  Indid,  &c.,  was  Ibss  roiind  the  Cape  of  Godd 
Hope  than  fnA  Pandmd.  The  didtatice  fl-om  Catttoh  to  London  via  the  Cape  bf  Gbod 
Hope  ^as  2000  miles  less  than  bia  Panatod;  Thb  writer  sdid  that  th&  Pdtiamd  rdil- 
-^dy  hdd  hot  in  ariy  ivay  changed  the  position  bf  the  people  of  Ebropb  or  Asia,  libr 
iti  dny  ^dy  gived  to  each  the  means  of  consuming  more  of  the  Other's  products. 
Hife  insult  of  it,  however;  he  believed  would  ihevitably  be  the  hastening  of  the  great 
changbd  consequent  Upon  the  ehcirdifag  of  the  globe  with  civilization  ahd  Christl- 
Biiity,'  and  building  Upon  the  Pacific  slope  a  nation  which  must  cbntrOl  the  cdm- 
merce  of  all  ki\k.  Let  Englahd,  then,  he  concluded  hf  urgitig,  put  fbrth  her  whdle 
iitretlgth  dnd  build  a  gredt  hight<ray  for  the  woHd  over  her  own  soil.  It  bould  bd 
Accomplished  in  teh  or  fifteen  years,  and,  with  modifications,  on  the  plah  pronosecl 
by  him  to  the  United  States.  It  coUld  be  abcoinplishfed  notoindlly  v<rithdut  ddtlay  of 
ihodby  by  the  hdtiod,  breating  by  its  conhexion  with  the  settletnent  of  its  line  this 
niMtis  fbr  its  bwn  bdnsti-uctioh :  it  woUld  add  millions  of  wealth  to  the  hdtidn, 
Add  give  to  it  thfe  bontrol,  not  only  of  the  commerce  of  all  Asid,  but  of  that  df  the 
^drld  dISo.  With  dteam,  the  distdUbe  from  Londort  to  China  coUld  then  be  per- 
fbtmed  in  twenty-eight  days  t  merchandise  even  could  be  taken  in  thirty  or  thirty- 
flte  days.  

Notes  vn  the  PhpHcal  Geogrtiphy  of  North-WesCsrh  Amtratia. . 
By  J.  S.  WiLdON,  Geologist  to  die  North'  Western  Australian  Expedition, 
'the  paper  described  the  climate  of  that  part  of  Australia  as  being  hot  for  six 
months  in  the  year,  but  not  injurious  to  health.  The  country,  it  said^  waa  fertile, 
and  a  large  variety  of  luxurious  grasses  was  found  growing,  one  spiles  of  whi(^ 
was  a  kind  of  wild  oats,  from  3  to  6  feet  high.  The  indigenous  plants  were  more 
numerous  and  superior  to  those  of  Southern  Australia.  The  characteristics  of  the 
natives  were  similar  to  those  of  the  aborigines  oi  the  south  of  the  country,  and  the 
writer  was  glad  to  say  that,  in  Lower  Victoria,  at  all  events,  there  was  no  imfavour- 
able  impression  upon  the  minds  of  thfe  dative  population  dgainst  the  settlement  of 
the  English.  

On  the  General  and  Grddiial  Desiccation  of  the  Earth  and  AtfnOsphere, 

By  J,  Sl>otswooD  Wilson. 
The  Wtiter  dreW  dtletitiOii  to  the  fact,  that  those  who  had  travelled  in  continehtat 
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lands,  especially  in  or  near  the  tropics,  had  been  forced  to  reflect  on  the  changes  of 
climate  that  appeared  to  have  occurred.    There  were  parched  and  barren  lands,  dry 
river  channels,  and  waterless  lakes,  and  not  unfrequently  traces  of  ancient  hniaan 
habitations,  where  large  populations  had  been  supporteid,  but  where  all  was  now 
desolate,  dry,  and  barren.     He  had  been  first  led  to  a  consideration  of  the  subject  by 
phenomena  of  this  nature  that  had  come  under  his  own  observation,  particulaiiy  in 
Australia,  and  he  soon  discovered  that  desiccation,  so  very  observable  there,  was 
too  extensive  and  permanent  to  be  explained  by  occurrences  of  an  irregular  nature. 
Remembering  also  that  similar  appearances  had  been  observed  in  other  parts  of  the 
world,  for  which  no  satisfactory  cause  was  assigned,  he  had  collected  the  obsenra* 
tions  of  travellers  in  regard  to  various  countries,  and  endeavoured,  by  the  evidence 
they  afforded  in  the  failing  of  the  water  systems,  to  establish  the  theory  of  a  goierai 
and  continuous  decline  of  the  humidity  supported  by  the  atmosphere,  and  then  to 
discover  in  the  operation  of  some  law  of  our  terrestrial  system  the  cause  of  desicca- 
tion in  both  land  and  atmosphere.    After  quoting  largely  from  the  works  of  varknu 
travellers  and  writers  (amongst  the  latest  of  whom  were  Dr.  Livingstone),  and 
giving  interesting  descriptions  of  dried-up  rivers  and  desolated  tracts  of  country  in 
Australia,  Africa,  Mexico,  and  Peru,  which  had  formerly  been  inhabited  by  man, 
Mr.  Wilson  proceeded  to  give  his  own  theory  as  to  the  cause  of  this  desiccation,  con- 
tending thiat  the  upheaval  of  the  land,  the  waste  by  irrigation,  and  the  destruction 
of  forests,  all  of  which  had  been  put  forward  as  the  cause,  were  insufficient  to 
account  for  what  had  been  described.     He  remarked  that  the  amount  of  aqueotis 
vapours  that  can  be  borne  by  the  atmosphere  at  any  time  must  be  in  proportion  to 
the  mass  of  the  atmosphere  itself,  from  which  it  followed  that  a  reduction  in  the 
mass  of  the  atmosphere  would  produce  a  corresponding  decline  in  the  amount  of 
hydrous  vapours  absorbed  and  supported.    If,  therefore,  a  physical  operation,  in- 
volving a  waste  of  the  atmosphere,  could  be  discovered,  it  might  be  concluded  that 
at  least  one  cause  had  been  found  for  its  declining  humidity.    Agreeably  with  these 
conditions,  it  was  learnt  that  a  vast  amount  of  the  atmosphere,  and  of  the  ocean  like- 
vdse,  had  been  solidified.    The  rocks,  in  the  history  of  their  own  formation,  bore 
witness  to  the  tendency  to  transmutation  in  the  character  of  both.    The  elements  of 
water  were  hydrogen  and  oxygen,  and  the  atmosphere  was  composed  of  oxygen, 
nitrogen,  and  carbonic  acid,  in  which  hydrous  vapours  mingled  in  varying  quantities, 
all  of  which  had  entered  largely  into  the  formation  of  rocks  and  mincnrals.    The  coal 
plants  had  absorbed  largely  all  the  elements  of  air  and  water,  but  particularly  of 
carbon,  of  which  coal  contains  on  an  average  from  80  to  90  per  cent.    Carbon  united 
with  oxygen  formed  carbonic  acid,  which,  combined  with  lime  and  solidified,  formed 
more  than  two-fifths  of  all  limestone  rocks.    Oxygen  was  said  to  form  half  of  what 
b  known  of  the  material  of  the  globe.    Besides  existing  in  air  and  water,  it  formed 
a  part  of  most  earthy  substances,  and  of  nearly  all  the  productions  of  the  animal 
and  vegetable  kingdom.    The  oxygen  of  the  atmosphere  was  also  gradually  absorbed 
by  all  animal  and  vegetable  productions,  and  by  almost  all  mineral  masses  exposed 
to  the  open  air.     From  such  facts  as  he  had  adduced  and  others  he  could  produce, 
Mr.  Wilson  concluded  that  there  was  a  gradual  solidifying  of  the  atmosphere  and 
water  on  the  face  of  this  terrestrial  world,  which  he  inferred  was,  in  the  usual  course 
of  geological  changes,  slowly  approaching  a  state  in  which  it  will  be  impossible  for 
man  to  continue  an  inhabitant ;  and  remarked  that  as  inferior  races  preceded  man 
and  enjoyed  existence  before  the  earth  had  arrived  at  a  state  suitable  to  his  consti* 
tution,  it  is  more  than  probable  others  will  succeed  him  when  the  conditions  neces- 
sary for  his  existence  have  passed  away. 

Nodce  of  the  Opening  of  a  Sepulchral  Tumtdus  in  East  Yorkshire. 
By  Thomas  Wright,  M.A. 
Setting  aside  the  vague  speculations  on  a  pre-Celtic  population  of  the  ishmd,  the 
first  Roman  known  to  have  visited  it,  Julius  Caesar,  who  appears  to  have  been 
personally  acquainted  only  with  the  latter  settlers  in  the  maritime  district  of  the 
south-east,  informs  us  that  the  interior  was  inhabited  by  a  people  much  inferior 
in  cultivation,  who  were  reputed  to  be  the  original  inhabitants  of  the  island.  This 
people,  we  learn  from  later  writers,  were  called  the  Brigantes,  who  held  a  very 
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large  portion  of  the  interior  of  Britain,  including  the  whole  of  Yorkshire.  There 
'were  Brigantes  also  in  Ireland,  and  Mr.  Wright  adduced  arguments  to  show 
that  the  British  population  of  Yorkshire  belonged  probably  to  the  Gaelic  branch  of 
the  Celtic  race,  and  not  to  the  Cymric.  He  described  what  were  known  of  the 
peculiar  characteristics  of  this  British  population  of  the  Roman  occupation  of  Bri- 
tain, and  of  the  establishment  of  the  Anglo-Saxons,  and  he  pointed  out  the  interest- 
ing characteristics  of  many  of  the  supposed  British  interments  in  East  Yorkshire,  as 
belonging,  he  suspected,  to  the  period  of  the  independence  of  the  British  towns  pre* 
ceding  the  Saxon  invasion. 

He  then  read  an  account  of  the  opening  of  an  ancient  sepulchral  tumulus  in  the 
township  of  Bridlington,  by  Mr.  Edward  Tindali  of  that  place.  A  skeleton  was 
found,  laid  on  its  back,  in  a  trench  or  grave  cut  in  the  chalk,  with  a  rude  urn  which 
had  been  turned  on  the  lathe.  A  flint  spear-head  was  found,  according  to  the  de* 
scription,  in  the  skull,  as  though  it  had  penetrated  from  the  back  of  the  neck  to  the 
jaw.  Mr.  Wright  concluded  by  pointing  out  circumstances  in  this  interment  which 
were  rather  of  a  Teutonic  character,  than  Celtic  or  Roman. 


STATISTICAL  SCIENCE. 

Address  by  the  Presidenty  Edward  Haines,  Esq.,  on  opening  the  Section. 

It  the  British  Association  were  a  theatre  for  intellectual  display,  I  should  shrink 
from  occupying  a  chair  in  which  I  have  had  such  distinguished  predecessors.  But  if 
I  understand  the  spirit  of  this  Association,  it  is  the  simple,  honest,  earnest  pursuit  of 
truth ;  first,  of  truth  in  facts,  and  secondly,  of  truth  in  principles ;  and  it  would  be 
quite  foreign  to  that  spirit  either  to  attempt  anything  of  display  or  to  apologize  for 
its  absence.  I  shall  be  permitted,  however,  to  welcome  the  disciples  of  economical 
and  statistical  science  on  their  visit  to  this  important  centre  of  industry,  where  prac- 
tical illustrations  may  be  found  of  many  branches  of  their  subject,  and  where,  I  hope, 
there  are  many  who  can  value  their  inquiries.  After  the  remarks  made  last  nieht  oy 
the  President  of  the  Association,  it  may  seem  superfluous  to  sav  anything  further  on 
the  claims  of  tliat  science  which  he  prononnced  to  "  bear  more  immediately  than  any 
others  on  the  prosperity  of  nations  and  the  well-being  of  mankind."  We  must  all 
have  felt  how  unanswerably  the  President  proved  the  value  of  economical  and  statis- 
tical science,  when  he  referred  to  the  department  of  vital  statistics,  and  showed  what 
terrific  losses  had  been  sustained  by  our  army  and  navy  and  the  ann}'  of  France,  firom 
the  neglect  of  sanitary  i-ules.  But  I  may  just  remark  that  what  gave  to  the  recent 
report  of  Mr.  Sidney  Herbert's  commission  on  the  health  of  our  troops  in  barracks  its 
resistless  force,  was  the  certainty  and  precision  with  which  statistical  researches 
enabled  it  to  measure  the  amount  of  loss  sustained,  by  comparison  with  the  mortality 
in  other  classes  of  the  population  at  the  same  ages.  The  report  might  have  dwelt  on 
sickness,  on  injudicious  diet,  on  defective  ventilation,  on  want  of  drainage,  and  so 
forth,  and  all  such  statements  would  have  been  pronounced  to  be  exaggerations  or 
errors ;  but  when  it  applied  the  ascertained  scale  of  mortality  so  as  to  prove  that  there 
were  so  many  deaths  in  the  thousand  when  there  ought  only  to  have  been  half  that 
number,  the  definiteness  of  the  figures  and  facts  defied  evasion,  fastened  on  the  public 
mind  and  conscience,  and  compelled  immediate  measures  of  reform.  Those  persons 
who  have  iffnorantly  charged  upon  political  economy  and  statistics  a  disregard  of 
moral  considerations  and  of  humanity,  may  now  see  how  egregiously  they  were  mis* 
taken,  and  how  the  arithmetic  which  they  thought  so  heartless  is  rising  up  as  the 
most  powerful  advocate  of  the  value  of  human  life,  of  health,  of  domestic  comfort,  of 
temperance,  of  virtue,  of  proper  leisure,  of  education,  and  of  all  that  can  purify  and 
elevate  society.  I  am  glad  to  know  that  we  shall  have  one  or  more  papers  on  im- 
portant points  of  vital  statistics  laid  before  this  meeting.  May  I  for  a  moment  refer 
to  another  reproach  thrown  upon  statistics,  namely,  that. they  may  be  so  used  as  to 
prove  anvthing  ?  I  hardly  need  say  that  it  is  unfair  to  ar^ue  from  the  abuse  of  a  thing 
against  its  proper  use.    But  it  may  be  admitted,  that  Uiere  is  sufficient  ground  for 
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t))i9  reprqftob,  jn  t|ie  n^Mpept  or  aishoijiBst  u^p  spmetinies  rondc  pf  8t^t||dc«,  to  ciP 
i^pop  us  for  the  exercise  pfgre^t  paution,  so  that  in  the  ijr^t  place  we  maj  W  wre  jt 
ijave  got  ajl  the  facts  that  are  essential,  and  in  the  pext  pjace  that  wje  4rftw  from  Aem 
^Hna  and  accurate  conclqsipns.  The  statist  opght  tp  rememter  how  liable  arc  loose 
aqd  defective  W}W9es  of  ftgurep  tQ  l^e  used  by  both  sides  in  contrdirersy,  pach  picking 
up  siicb  as  suit  \}\v^  wherewith  to  pelt  Jiis  antagonist.  It  ig  valnable  tp  poUect  f^ 
but  it  is  stll)  piore  useful  to  ascertain  that  they  are  ex^ct  and  copipletf »  f^^i  tb^o  w 
to  arrange  them  tbat  they  piay  serve  to  build  up  some  useful  strMcture.  A  statist 
ought  to  lay  a  charge  upon  his  conscience,  as  though  he  were  s^orn  in  tbP  fonn  qf 
oiir  o)d  oatb  to  spei^  "  the  truth,  the  whole  truth,  and  nothing  blut  the  truth.'*  JJor 
cai)  we  be  too  careful  to  reason  fairly  ^pd  soundly  from  tbe  facts  we  jnay  amw;  ip? 
it  is  the  fifctp  pf  the  statist  and  the  dpctrjues  founded  ppon  them  by  the  econoinwt, 
which,  to  a  gfe^t  extent,  guide  our  practical  legislation,  anfl  thus  aflfect  the  great  in- 
terests of  society.  I  cannot  refrain  from  expressing  my  convict  ion,  that  as  tbe  science 
we  cultivate  |ias  been  shown  to  be  fnyourable  to  humanity,  9p  it  is  no  less  favourable 
to  freedom.  ^Vithin  the  last  quarter  of  a  century  hqw  busy  ha>i  it  been  iif  knocking 
off  all  sorts  of  fetters  from  human  energies  I     ' 

It  is,  indeed,  opposed  by  the  interests  which  restrictions  have  created,  sometimef 
manufacturing,  sometimes  agriculttiral ;  but  in  England  at  least  its  march  in  the  path 
of  freedom  has  been  rapid  and  steady ;    and  we  may  say  of  it,  vestigia  nulla  retrnf' 


On  the  Woollen  Manufacture  of  England^  with  special  reference'  to  the  Leeds 
Chtking  District    By  Edward  Baines. 
'JThe  author  commenced  his  paper  by  observing  that  it  wa^  suitable,  wbeu  the  Britiili 
Association  honoured  Leeds  with  a  visit,  that  its  members  should  receive  gome  acooppt 
of  the  great  branch  of  nianufacturing  industry  of  wbiph  I^eds  vas  tbe  anPJept  fe«t, 
and  which  prevailed  here  on  a  larger  scale  than  in  any  other  part  pf  Kpgl^^  ^  ^ 
the  world.    |t  was  peculiarly  desirable  that  such  an  account  should  be  rendered  tp 
this  Section,  because,  notwithstanding  the  antiquity  of  the  manufacture,  its  economy  ^^Hl 
statistics  were  by  no  means  well  ascertained.    Though  a  large  part  of  the  raw  naate* 
rial  ya«  groi^  at  home,  we  had  absolutely  no  reliable  statistics  of  the  amount  of  tbif 
famqps  poduct  of  the  British  Isles.    It  was  hoped,  therefore,  that  tbe  present  attepipt 
to  ascertain  tbe  facts  connected  with  the  woollen  manufacture  might  not  bevithoat 
its  use ;  and  also  that  it  might  derive  some  additional  interest  from  in4icating  re- 
markable modem  changes  in  this  department  of  industry,  and  explaining  9om«i  pe^' 
liarities  which  at  ^irst  sight  perplexed  the  political  economist    The  woollen  mannfsc- 
ture  of  Yorkshire  was  prosperous  ^d  advancing ;  but  it  could  not  fail  to  have  bepP 
noticed  that  its  progress  was  le^s  rapid  and  extraordinary  than  that  of  other  texti|« 
manufactures ;  and  it  might  be  well  to  show  that  this  w^s  to  be  aspribed  to  circuQ)- 
stances  inherent  in  the  nature  of  the  fabric,  c^d  npt  to  indi^rence  and  apathy  on  the 
pa^rt  qf  those  engaged  in  this  branch  of  industry.    Tbe  differeoce  between  tbf 
woollen  an4  the  worsted  fabrics  consisted  chiefly  m  tbe  woollen  yam  hejp^  v^ 
slightly  twisted,  so  as  tp  leaye  tbe  fibres  at  liberty  for  the  prqcess  of  felting,  whilst  thi 
worsted  yam  was  hard  spun  and  madp  into  a  much  stronger  thread.    The  feeU^^ 
of  i]ip  woollen  yam  made  it  more  diflicult  to  be  woven  by  the  power-loom  than  either 
worsted,  cotton,  linen,  or  silk,  none  of  which  wa^  susceptible  of  being  felted.    ^ 
procjesses  of  the  ^oollen  manufacture  are  more  numerous  and  complex  than  those  of  Ml 
other  of  our  textile  manufactures,  and  are  performed  by  &  much  greater  variety  of  IPS' 
chines  and  of  workpeople.    It  yrap  pretty  obvious,  tbe  aiftbor  remarked,  that  there  bh«^ 
be  proportionate  difficulty  in  effecting  improyements  which  would  tell  materially  pp  Wt 
qu^ptjty  pr  the  price  of  the  good?  produced.    There  was  still  another  feet  whipb  re- 
tarded tbe  adypnce  of  the  woollen  as  compared  with  other  manufactures,  nam»Ij»  ^i* 
higher  price  pf  the  ray  iflaterial,  wool  being  about  three  times  the  m»rt«t  pi}«  » 
cotton  aftd  #ax.    J^jTor  could  sheep's  wool  be  ajigmented  in  quantity  so  rapidly  9i  f»^ 
materi^s  which  jperply  required  the  cultivation  of  the  soil,   ^ut  the  economist  mi^ 
inqjfire  bow  la  it  that  the  worsted  manufacture  hw  of  late  years  increispd  ^  WW* 
more  i^idly  th^n  tbe  wpoljen,  seeing  that  it  uses  the  same  raw  material,  sbt^.^ 
wop} }    it  WW  to  be  vcfibed  ija  part  to  y^y  remarkable  imprpyeroents  mfti^  F*** 
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tbeso  few  years  ifi  ti^§  j^oe^99  pf  coipl^ing,  i^ich  vap  now  jpprfQxmed  by  machinery 
instead  of  by  band,  and  the  cost  of  tlie  process  reduced  almost  to  nothing, — in  part  tp 
^e  greater  simplicity  of  the  other  processes,  admitting^  of  their  being  carried  on  almost 
entimy  in  large  factories, — ^but  more  than  all  to  the  introduction  of  cotton  warps  ipto 
Ibe  manufacture,  which  had  not  only  cheapened  the  raw  material,  hut  had  introduced 

irast  Tariety  of  new  descriptions  of  goods^  light,  beautiful,  cheap,  and  adapted  both 
)r  dress  and  furniture.  According  to  the  last  Factory  Retu^m  made  by  the  Factory 
nspectors  in  1§56,  and  printed  by  the  Housjb  of  Commons  in  1857,  uiere  were  in 
['orkshire  445  worsted  factories  and  806  woollen  factories;  but  the  number  of  opera- 
tives was  78,094  in  the  former,  and  only  42.982  in  the  latter.  The  average  numhef 
q(  operatives  in  the  worsted  factories,  therefore,  was  1 77,  whilst  in  the  womlpn  facto- 
ries it  was  only  63.  The  whole  numoer  of  operatives  returned  in  the  census  of  1851  p 
^3  employed  m  these  two  manufactures  in  the  county  of  York,  was  97,147  in  ih^ 
worsted  manufacture,  and  81,li28  in  the  woollen.  Four-fifths  of  all  the  hands  em- 
ployed in  the  worsted  trade  were  in  factories,  whibt  only  about  half  of  those  in  the 
woollen  trade  were  in  factories.  Everything  tended  to  show  that  the  worked  ma- 
nufacture, like  those  of  cotton  and  linen,  |iad  hecome  an  employment  carried  on 
by  thfi  WQshlnsry  of  large  factories ;  and  as  mechanical  improvements  were  con- 
fitantly  speeding  the  power-loom  and  the  spipdle,  so  ^at  in  worsted  factories  ^9 
pDw^r-Joom  bad  m^reds^d  67  per  cent,  in  spewed  within  the  last  ten  years,  and  th« 
spindle  114  per  pent.,  manufai^res  thus  situated  nmvt  advance  n^xe  rapidly  thaif 
those  which,  like  the  woollen,  were  more  dependent  on  manual  labour.  The  wooUen 
n^anufacture  was  surpassed  in  extent  by  the  cotton  manufacture  a^  the  begifining  of 
the  present  century.  It  9till  held  the  second  place  in  regard  to  the  number  of  opera-^ 
lives  employed,  though  not  to  the  number  employed  in  factories,  ip  which  it  was  snr- 
p^ssed  both  by  the  worsted  and  the  flaic  or  linen  trade9.  Jp  $he  WQoUen  mills,  betweeif 
1838  and  1856,  the  i^ufnber  of  operatives  increased  44  p»r  cept.,  the  hor^e-power 
em^oyed  increased  25  per  cent.,  and  the  number  of  pgif  er-looma  ipcreaaed  572  per 
cent. ;  bi^t  stiU  the  other  pnanufactures  a4yAi^®<^  Mm  greater  stride?  in  almost  al\ 
these  respects.  The  author  next  refer^red  to  the  a^mrces  Srom  ¥?hich  ^e  raw  material^ 
sheep^s  wool,  is  drawn,  and  to  the  remarkable  changes  which  the  present  century  has 
witnessed  with  regard  tp  it  The  wool  yra^  ^Dgjish,  foreigq,  and  colonial,  and  came 
from  ajl  quarter^  pf  the  globe.  Our  largest  fupply  yvas  from  the  Unitjsd  Kingdom, 
but  nearly  half  of  the  domestic  ifrools  was  consumed  in  the  ivor^ted  maipr&ct^re,  an4 
the  other  half  was  used  for  the  lower  kii^ds  of  wQoUen  gopda.  Within  Uving  memory 
Yo^ki^re  cloth  was  made  exclusively  of  Eugli^  ^rool,  thpugh  $panish  wopThad  long 
been  used  for  the  finer'cloths  of  the  Vfe^  pf  Epgland*  Now,  however,  JEnglisb  WQ<N» 
firom  ita  comparative  coarseness,  wa«  entirely  disused  in  the  making  of  hroad-cloth. 
In  the  last  half  of  the  IStb  century  the  import  of  foreign  wppl  flucjtuated  isoxn  ft  little 
under  to  ^  little  oyer  two  milliop  pou^df  i^eight  a  year.  In  1799  it  wa9  9,263,666  Ihf. 
But  in  the  year  1 857  the  quantity  (^ foreign  and  cc^opial  wool  imported  wa9  }97»390,88i^ 
Ihs.,  of  wl^  90,9|93,666  lbs.  was  retapn^d  for  home  cpn^mption.  As  the  export^  pf 
woollen  goods  did  ^ot  l^crea^  in  any  proportion  whatever  to  theae  figure?,  it  wa9 
eyi4ent  j£at  the  ch^acter  pf  the  cloth,  ooth  that  worn  at  home  and  tb^  picppr^d, 
omait  have  cj^anged  by  the  substitution  of  foreign  and  cc^onial  for  Kngliah  wopl.  Thp 
foreign  wooj[  first  jused  when  this  improvement  in  the  quality  of  the  cloth  b^an,  vaa 
that  of  3pain>  the  pativ.e  country  of  the  nuerino  f^epp.  The  total  import  pf  WQfH 
spr^  up  suddenly  from  2,263,666  lbs.  In  the  year  1799,  to  8.609,^6$  I^b.  in  180iQ; 
a^4  ^  the  latter  qufiutity,  j6,o.62,824  I1;i«.>  or  more  than  two-thir03,  wa»  Spanuh*  4^ 
iixe  French  ipvasion  of  $pain  and  j^e  Jong  Penin^nlar  war9>  the  quali^  of  Spanish 
wpol  degener^ed,  and  ft^  quantify  fM  oW;  and  its  pl^e  in  pnr  jnmv^eifi^rfi  wa9 
gradually  filled  by  the  wopl  of  $axpny  imd  Silesja,  into  which  country  thp  mierino 
&eed  of  sheep  h^  hpen  jp^oduped  in  176$.  The  iGprman  WQPl  wa9  9tiU  by  mncb 
the  ^est  u^d  in  i9ny  conntry;  but  as  tl)^  tn^no  flocks  were  introdnced  by  Mr. 
A^acarthur  into  wr  g^-^eat  Australian  cplpnips,and3iir ere  found toincreaaus there  immensely 
without  ^ny  y^ery  great  degeneracy  in  the  .quality  ,oi  the  fleece,  Geiman  wool  h^  in 
its  tnrn  to  a  verv  cpnifderaM^  eii^nt  been  jiMpersed^  by  Auiitralian.  The  following 
Table  Mkow.ed  4te  impp^rts  and  e^^porta  pf  foreign  and  c<4Qnial  wnpl>  at  luterr^la  H 
^ioui  ^  yj^§s8,  fer  the  M  centwry  :— 
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Foreign 

and  Colonial  Wool  Imported 

and  Exported 

Foreign  wool 

Colonial  wool 

ToUl 

Foreign  and 

Left  for  home 

Year. 

imported. 

Imported. 

imported. 

exported. 

1766 

1,926,000 

.... 

1,926,000 

• . .  • 

1^26,000 

1799 

2.203,666 

•  •  •  • 

2,263,666 

.... 

2,263,666 

1800 

8,609,368 

.... 

8,609,368 

.... 

8,609,368 

1820 

9,653,366 

122,239 

9,775,605 

64,58i 

9,711,020 

1840 

36,685,522 

12,850,762 

49,436,284 

1,014,625 

48,421,659 

1850 

26,102,466 

48.221,312 

74,326,778 

14,388,674 

59,938,104 

1857 

44,522,66] 

82,868,224 

127,390,885 

36,487,219 

90,903,666 

The  changes  which  had  taken  place  in  the  sources  of  supply  were  shown  in  the 
following  Table  t — 

Imports  of  Wool  from  the  Principal  Countries. 


Year. 

Spain. 

Germany. 

Australia. 

South  .\rrica. 

East  Indies. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1800 

6,062,824 

412,394 

.... 

.... 

.... 

1810 

5,952,407 

778,835 

167 



• .  •  • 

1816 

2,958,607 

2,816,655 

13,611 

9,623 

•  •  .  • 

1820 

3,536,229 

5,113,442 

99,415 

29,717 

.... 

1830 

1,643,515 

26,073,882 

1,967,279 

33,407 

• .  • . 

1834 

2,343,915 

22,634,615 

3,558,091 

141,707 

67,763 

1840 

1,266,905 

21,812,099 

9,721,243 

751,741 

2,441,870 

1850 

440,751 

9,166,731 

39,018,221 

5,709,529 

5,473,252 

1857 

383,129 

5,993,380 

49,209,655 

14,287,828 

19,370,741 

Here  we  see  the  decline  in  the  quantity  of  Spanish  wool  imported  from  6,062,824 
lbs.  in  1800,  to  383,129  lbs.  in  1857 ;  the  increase  of  German  wool  from  412,394  lbs. 
in  1800,  to  26,073,882  lbs.  in  1830;  and  its  subsequent  decline  to  5,993,380  lbs.  in 
1857;  the  increase  of  Australian  wool  from  167  lbs.  in  1810,  to  49,209,655  lbs.  in 
1857;  the  increase  in  South  African  or  Cape  wool  from  9623  lbs.  in  1 816,  to  14,287,828 
lbs.  in  1857 ;  and  the  increase  in  East  India  wool  from  67,763  lbs.  in  1834,  to  19,370,741 
lbs.  in  1857.  These  were  remarkable  commercial  changes,  and  they  warranted  the 
hope  that  we  mig^t  ere  long  find  in  the  East  Indies,  Australia,  and  Africa,  sources 
of  supply  for  the  still  more  important  raw  material  of  cotton,  produced  by  the  labour 
of  freemen,  instead  of  being  so  dangerously  and  perniciously  dependent  on  the  slave- 
raised  cotton  of  the  United  States.  The  imports  of  German  wool  had  fallen  off  even 
to  a  greater  extent  than  appeared  from  the  above  Table,  inasmuch  as  there  was  now 
a  large  quantity  of  rag-wool,  called  shoddy  and  mungo,  imported  from  Germany;  and 
he  was  assured  by  Mr.  Fonblanque,  of  the  Statistical  department  of  the  Board  of 
Trade,  that  no  distinction  was  made  at  the  Custom-house  netween  the  entries  of  the 
finest  Saxon  wool,  which  was  of  the  value  of  3«.  per  lb.,  and  those  of  shoddy,  which 
was  only  worth  a  few  pence  per  lb.  Since  this  paper  was  written,  the  Hon.  Stephen 
Rice,  Deputy-chairman  of  the  Board  of  Customs,  had  assured  him  that  shoddy  should 
in  fViture  be  entered  separately  from  wool.  Of  the  annual  production  of  wool  in  the 
United  Kingdom,  there  were,  as  had  been  said,  no  reliable  statistics  whatever,  and 
the  judgment  of  those  engaged  in  the  trade  varied  very  widely.  The  balance  of 
authority  would  dispose  us  to  conclude  that  the  annual  produce  of  domestic  wool  must 
be  between  150,000,000  lbs.  and  200,000,000  lbs.  If  we  took  the  medium,  namely, 
175,000,000  lbs.  at  U.  3d,  per  lb.,  which  was  about  the  average  price  of  the  last  thirty 
years,  the  value  of  this  great  raw  material  produced  at  home  would  be  £10,937,500. 
The  judgment  thus  formed  from  a  comparison  of  authorities  had  been  exactly  and 
unexpectedly  confirmed  by  the  result  of  careful  inquiries  and  calculations,  founded 
on  the  number  of  hands  emploved,  the  power  of  the  machinery,  and  the  estimated 
value  of  the  goods  manufacturea.  That  result  was  that  160,000,000  lbs.  is  used  by  the 
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-woollen  and  worsted  manufacturers,  whilst  the  quantity  exported  in  1857  was  15,142,881 
lbs.,  making  an  agj^eate  of  175,142,881  lbs.  of  English  wool.  The  exports  dT 
English  wool,  both  in  the  raw  state  and  in  the  first  stage  of  manufacture,  namely, 
yam,  were  great  and  rapidly  increasing.  Thus  the  farmer  was  deriving  benefit  from 
tbe  freedom  of  trade,  and  English  wool  was  resuming  its  flow  through  channels  which 
legislation  had  closed  for  five  centuries.  It  was  for  our  manufacturers  to  take  care 
that  no  other  country  made  a  better  use  of  their  native  raw  material  than  themselves. 

The  author  then  glanced  at  the  history  of  this  ancient  manufacture  up  to  our  own 
times,  and  observed  that  they  ought  not  in  that  Association  and  in  that  Section  to 
withhold  the  honour  due  to  the  high  intelligence,  manly  spirit,  and  wonderftil  disin* 
terestedness  of  Lord  Milton,  afterwards  Earl  Fitzwilliam,  who,  whilst  representing 
the  great  seat  of  the  woollen  manufacture,  Yorkshire,  advocated  the  removal  of  pro- 
tection from  the  manufacturers,  and,  although  one  of  the  largest  landowners,  contended 
for  the  removal  of  protection  from  agriculture.  It  was  a  matter  of  just  pride  for  thit 
Association  and  for  Yorkshire  to  remember  that  that  enlightened  and  high-minded 
nohleman  was  the  first  president  of  the  British  Association.  The  woollen  manufac- 
ture, in  its  various  branches,  was  very  extensively  diffiised.  According  to  the  last 
Factorv  Return,  it  prevailed  in  twenty-two  counties  of  England,  ten  of  Wales,  twenty- 
four  of  Scotland,  and  six  of  Ireland.  More  than  one-half  of  the  operatives  employed 
in  the  woollen  factories  were  in  the  county  of  York,  namely,  42,992  out  of  79,081. 
The  worsted  manufacture,  on  the  other  hand,  though  for  some  centuries  it  had  its 
chief  seat  in  Norfolk,  Suffolk,  and  Essex,  had  now  obtained  a  remarkable  concentra* 
tion  in  the  West  Riding  of  Yorkshire.  Out  of  87,994  factory  operatives  in  the  worsted 
trade  of  the  United  Kingdom,  78,994  were  in  Yorkshire.  The  chief  seat  of  the  ma* 
nufacture  of  superfine  broad-cloth  had  for  centuries  been,  and  still  was,  the  West  of 
England,  and  especially  the  counties  of  Gloucester  and  Wilts.  The  population,  and 
doubtless  also  the  trade  of  the  West  Riding  of  Yorkshire,  had  increased  much  more 
rapidly  both  in  the  eighteenth  and  nineteenth  centuries  than  those  of  Oloucestershire^ 
Wiltshire,  and  Norfolk.  Between  the  years  1801  and  1851  the  population  of  Leeds 
increased  224  per  cent. ;  Bradford  682  per  cent. ;  Huddersfield  325  per  cent ;  Halifax 
179  per  cent  ,*  and  Norwich  88  per  cent.  The  author  apprehended  that  the  principal 
advantages  of  the  West  Riding  over  Gloucestershire,  Wiltshire,  and  Norfolk  consisted, 
first,  in  the  greater  cheapness  of  coal  and  iron ;  secondly,  in  the  larger  body  of  men 
skilled  in  the  making  and  working  of  machinery ;  and  thirdly,  in  the  facility  of  access 
to  the  great  ports  of  Liverpool  and  Hull.  But  he  inclined  to  think  that  the  mere  fact 
of  Yonuhire  having^  devoted  itself  to  the  manufacture  of  cheap  goods  had  been  at 
influential  as  any  ower  cause. 

The  author  next  spoke  of  the  generd  statistics  of  the  woollen  manufacture,  and  first 

Woollen  and  Worsted  Goods  and  Yam  Exported. 


Years. 

Yam. 

Total  Exports. 

From  1718  to 
1724— yearly 
average  .... 

1740 

1750 

1760 

1770 

1780 

1790 

1800 

1810 

1820 

1830 

1840 

1850 

1857 

£ 

(Oflicial  value) 
2,962,881 
3,056,720 
4,320,006 
5,453,172 
4,113,583 
2,589,109 
5,190,637 
6,917,583 
5,773,719 

(Declared  value) 
5,586,138 
4,728,666 
5,327,853 
8,588,690 
10,703,375 

£ 

•  •  •  • 
.... 

.  • .  • 
• .  •  • 

•  •  •  • 

.  •  •  • 

122,430 

452,957 

1,451,642 

2,941,800 

£ 

2,962,881 
3,056,720 
4,320,006 
5,453,172 
4,113,583 
2,589,109 
5,190,637 
6,917,583 
5,773,719 

5,680,138 

4,851,096 

5,780,810 

10,040,332 

13,645,175 

1858. 


II 
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of  our  txporU  to  foreign  countries.  The  earlier  tables  made  no  distinction  between 
tbe  wpollen  ^nd  worsted  goods  exported,  and  the  later  tables  made  the  distinctiwi 
in^perfectly.  Up  to  the  year  1 815  we  had  onlv  the  official  value  of  the  export*,  whico, 
however,  probaoly  did  not  vary  much  from  the  real  value;  from  1815  downwards  we 
hacl  the  real  or  declared  value.  Before  the  year  1820  also,  the  tables  included  the  ex- 
ports to  Ireland,  though  this  fact  was  overlooked  by  most  writers  on  the  subject 

The  experienced  eye  would  see  at  a  glance  how  for  the  last  ninety  years  the  natnm 
progress  of  the  woollen  manufacture  had  been  checked  by  the  mtroduction  o^ Jbe 
cheaper  material,  potion,  and  the  unparalleled  extension  of  its  manufactures ;  of  which 
we  lit  year  e)fported  to  the  value  of  £29,597,316  manufactured  goods  a?|d  £8,691,853 
ymh  making  a  total  of  4e38,289,169. 
Woollen  and  Worsted  Goods  apd  Yam  Es^ported  from  1880  to  1857,  distinguishing 
the  classes  of  goods ;  with  the  declared  value  for  1857* 


Wooikn  Mant^^ciHrei  :— 
Cloth  of  all  kinds  . , .  ,f)iece$ 
Kappe^  pbatings.  Duffels,  &c 
piccei 
Kerseymeres. ,.,.».. 
Bai«ef  .,..,,,.,,•. 

Flannel,,,,., yards 

Blankets  and  BUnketin^s  . . 
Hosiery  (other  than  stockmgs) 
Smell  W^^  (including  rugs) 

Shawls..........,,,' 'f 

Totaf  WooUen  Goods ,..,.. 
WorsUd  ani  Mked  Stuffs  :— 
Worsted  stuffs. , , . .  •  puces 
Mixed  ^(utfii  (worsted^  cotton« 

and  silk).,  ,.,.,..,yarrfB 
Carpets  4n4  carpeting. ,    ,, 

Stockings dozen  pmrs 

TqUd  WorsUd  Goods.,,,,. 
Woollen  and  Worsted  Tarn, 
lbs, 
Do.    do.,  mixed  with  other 

materials lbs. 

Total  Tarn.:.,. 


?88,700 

58,644 

78.944 

37,183 

3,569,105 

1,288,499 


In  1830. 


} 


928,901 

407,716 
526,124 


In  1850. 


608«9?6 

8,035 

15,626 

23.727 

2,833,898 

6,461,224 

£249,757 


52,573,686 

1,668,675 

120,185 


13,794,225 


In  1^57. 


^u^ti- 
tics. 


685,063 

829 

3,777 

15,474 

4,892,442 

8,U8,596 


2,568,482 

57,716,819 

4,452,428 

193,957 


23,980,704 
723,744 


Declared 
value. 


Total  de- 
clared value 
1867. 


2,956,491 

3,698 

19,587 

61,017 

283.750 

576,489 

232,076 

90.659 

194,756 


9,325,564 

2,225,899 
613,246 
130,198 


2,752.^(5 
189,414 


4,408,598 


6,904.847 


2,941,800 


Tot4l  Exports  of  Woollen  and  Worsted  Goods  and  Yam £13,645,175 


It  would  be  remembered  that  the  year  1857  was  one  of  great  overtrading,  and,  aa 
far  as  could  be  judged  from  the  seven  months  of  the  present  year,  there  would  be  a 
considerable  falhng-off  in  the  woollen  exports  and  a  stillgreater  in  the  worsted  exports. 
The  combined  woollen  and  worsted  exports  formed  about  one-ninth  of  the  entire  ex- 
port trade  of  the  country.  The  woollen  goods  exported  were  of  the  value  of  ^4,408,528, 
the  worsted  goods  j^6,294,847 ;  and,  as  the  yam  was  nearly  all  worsted,  the  total 
worsted  exports  would  be  £9.236,647.  These  figures  of  course  did  not  indicate  the 
respective  or  proportionate  values  of  the  whole  production  of  these  two  branches  of 
the  manufacture  of  wool,  but  only  of  the  quantities  exported.  Including  the  domestic 
consumption,  there  was  reason  to  think  that  the  woollen  manufiacture  somewhat  ex- 
ceeded that  of  worsted ;  but  the  figures  of  the  table  just  given,  especially  combined 
with  the  considerations  mentioned  In  an  earlier  part  of  this  paper,  would  lead  to  the 
belief  that  the  worsted  manufacture  would  ere  long  exceed  the  woollen.  In  the 
attempt  to  estimate  the  entire  annual  value  of  the  woollen  manufacture,  he  had  found 
difficulties  on  every  side.     All  the  elements  for  calculating  the  number  of  persons 


Digitized  by  VjOOQ IC 


TBAN8AOTIOV9  09  fBM  MOTIONS. 


lot 


employM)  mid  tbs  valu«  of  the  Roods  produced  were  uncertain  and  defective,  Ae  to 
t^e  number  of  perfont  employed,  the  census  of  1851  made  an  approach  to  the  truth, 
and  was  the  hest  evidence  we  had ;  but  it  was  not  altctgether  trustworthy.  He  was 
disposed  to  think  that  we  might  estimate  the  earnings  of  each  person  employed  in  the 
woollen  manufacture  to  support  three-and-a«half  persons,  including  himself,  and  in  the 
worsted  manufacture  two-and-a-half;  and  at  this  rate  the  numbers  supported  in  the 
rftpective  branches  would  be  as  follows : — 

-    Individual  Workers  in  the  Woollen  and  Worsted  Manufactures,  and  estimated 
number  of  persons  supported  by  them  :— 

Individual  workers.  Persons  supported. 

In  the  woollen  manufacture. .    150,000     X     Si     =     525,000 
In  the  worsted  manufacture. .    125,000     X     2|     s     312,500 

Totals 275,000  837,500 

It  must  also  be  remarked  that  a  larger  proportion  of  persons  in  auxiliary  occunationg 
was  connected  with  the  manufactures  of  wool  than  with  any  other  textile  manuracture, 
owing  to  more  than  one-half  of  the  raw  material  being  raised  at  home,  whilst  the  cotton 
and  silk  were  wholly  dependent  on  importation,  and  the  linen  almost  wholly.  The 
wages  earned  by  the  operatives  in  the  woollen  manufacture  were  good,  and  such  as 
must  afford  the  means  of  great  comfort  to  their  families,  besides  indicating  a  pros- 
perous condition  of  the  trade.  He  had  been  favoured  with  several  tables  of  wagef 
from  houses  of  eminence  in  this  neighbourhood,  and  he  had  the  pleasure  to  know 
that  they  would  be  received  by  the  statist  as  of  great  value.  The  following  general 
statement  might  be  received  with  entire  confidence :~~ 

Average  Wages  of  Operatives  in  the  Manufacture  and  Dressing  of  Woollen  Cloth  in 
the  Leeds  Cbthing  District.    Supplied  by  Messrs.  Oott. 


pesqipdop  of  Operatives. 


Wool  sorters    , 

Wool  scourers,  dyers,  &c., 

Slubbers , 

„         overlookers. .  •  • , 
Servers  or  fillers , 


Billy  piecers 

Cleaners  and  willyers. .  •  • « 
Mule  spinners 

„    piecers    

Warpers    •.  • 

Weavers,  hand-loom 

„  power-loom. . . , . 
Overlookers  and  tuners. . . 

Knotters   

Qurlers « 

Millers ;.... 

„       overlookers 

Dyers   

„      foremen 

Dressers    


Dressed  cloth  burlers. 

Drawers    .  • 

Tenterers 

Presa-setters 

Enginemen    « 


Sex,  ace. 


Men 

Men 

Men  , , 

Men 

Girls  or  boys-- 
for  1  machine 
ibr  2  machines 

Children 

Young  men  . .  • . 

Men 

Girls  or  boys.... 

Women 

Men 

Women  ....!... 

Men 

Women 

Women 

Men p 

Men 

Men 

Men 

Men 

Young  men   . . . . 

Boys 

Women 

Men 

Men 

Men 

Men 


Wages  per  veek. 


24«. 

]6«.  to20«. 

27#. 

35«.  to  40«. 

Bm. 

9f. 

4f. ;  half-timers  8«. 
12t.  to  Hf. 
28«. 

6s. 
12f. 
15«. 

I0«.  to  \2t. 
2U  to  28s. 

7*.  6d. 

5s.  to  6s. 
18#.  to  20#. 
SOs.  to  40«. 
16s.  to  188. 
36s.  to  60s. 
20s.  to  22s. 
12s.  to  16s. 

4f .  to  9f . 

6s,  to  7f . 
30f .  to  40s. 
26s.  to  30s. 
35s.  to  40s. 
84s. 

iT* 
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He  felt  Justified  in  ettimatinff  the  wages  of  operatives  in  the  woollen  maimfiiciaM 
at  not  less  than  1 2«.  6d.  per  week  on  the  average  for  men,  women,  and  children ;  mad 
this  for  150,000  workers,  would  give  an  aggregate  of  £4,875,000  per  annum.  Mr. 
Baines  then  explained  some  circumstances  relative  to  the  Leeds  clothing  diatriet, 
especially  the  great  quantity  of  low  woollens  made  in  the  Batley  district,  chiefly  from 
shoddy  or  mungo,  which  was  wool  made  fh>m  tearing  up  woollen  rags  and  also  Irom 
the  waste  of  the  woollen  mills.  He  said  that  in  drawing  to  a  conclusion  he  nraat 
endeavour  to  estimate  the  annual  value  of  the  woollen  manufacture  of  the  kingdom. 
Uncertain  as  were  several  of  the  important  elements  in  the  calculation,  he  felt  con- 
siderable  confidence,  arising  out  of  the  abundance  of  the  materials  before  him,  the  care 
with  which  he  had  tested  them,  and  the  coincidence  of  several  methods  of  calcniatiott 
in  bringing  about  the  same  result.  The  constituent  parts  of  the  value  of  the  woollens 
manufactured  in  tlie  United  Kingdom  were,  lit.,  the  value  of  the  raw  material;  2nd, 
the  value  of  other  articles  essential  to  the  manufacture ;  3rd,  the  wages  paid  to  the 
workpeople ;  and  4th,  the  sum  left  to  the  capitalist  for  rent,  i^epairs,  wear  and  tear  of 
machinery,  interest  of  capital,  and  profit,     nis  estimate  was  as  follows  :— 

Value  of  the  Woollen  Manufacture. 

1.  Raw  material- 
lbs.  £ 

75,903,666  Foreign  and  Colonial  wool 4,717,492 

80,000,000  British  wool,  at  U.  3</.  per  lb 5,000,000 

45,000,000  Shoddy  and  Mungo— 

30,000,000  lbs.  at  2i<f, 1  «ao  orn 

15,000,000  lbs.  at  4|J.  /  «»»370 

Cotton  warps,  1  -50th  of  the  wool 206,537 

2.  Dye  wares,  oil,  and  soap 1,500,000 

3.  Wages— 

150,000  workpeople,  at  12«.  6d.  per  week  4,875,000 

4.  Rent,  wear  and  tear  of  machinery,coa],  repairs,  interest  on  capital, 

and  profit — 20  per  cent.. i , 3,381,680 

Total £20,290,079 

He  would  only,  in  conclusion,  recommend  the  members  of  the  British  Associatien 
to  inspect  the  Exhibition  of  Local  Industry  now  open  in  this  town,  where  they  would 
be  able  in  some  measure  to  judge  of  the  industry  and  skill  of  our  manufacturers ;  and 
would  express  a  hope  that  those  manufacturers  would  never  rest  satisfied  with  any 
position  ttiey  might  have  attained,  but,  stimulated  and  warned  by  what  they  had  seen 
m  the  Great  Exhibitions  of  London  and  Paris,  would  remember  that  they  only  held 
their  prosperity  on  the  condition  of  unceasing  improvement. 


On  the  Rate  of  MortaUty  in  the  Metropolitan  Improved  DweHUngM  for  the 
Industrial  Ckuses.    By  Joseph  Batbman,  LL.D. 


On  the  Sanitary  and  Industrial  Economy  of  the  Borough  of  Leeds, 
By  R.  Baker,  Factory  Inspector, 

In  the  vear  1080,  Leeds  proper  was  a  farming  village,  with  an  estimated  population 
of  somewhat  less  than  300,  including  27  villeins  and  four  soke  men ;  and  the  manor 
consisled  of  about  1000  acres.  In  1081,  it  had  a  priest,  a  church,  and  a  mill,  of  the 
yearly  value  of  48.,  and  ten  acres  of  meadow.  In  1858,  it  has  a  population  of  1 12,945 
souls,  engaged  in  more  varied  works  than,  perhaps,  those  of  any  other  town  in  the 
kingdom.  Bede,  in  735,  calls  Leeds,  Leodys,  and  the  Domesday  Survey,  Leedes; 
and  Thoresbv  says  it  was  one  of  the  28  cities  of  ancient  Britain  mentioned  by 
Nenniua,  and  called  the  city  of  «  Loid  in  the  Wood."  The  out-townships,  as  they 
are  called,  are  said  to  derive  their  names:— Ist  Hunslet,  from  "Hunde"adog, 
and  "  Slet"  a  house,  because  of  the  number  of  dogs  which  were  formeriy  kept  there. 
Its  population  is  employed  in  the  manufacture  of  flax,  woollens,  iron,  glass,  wire,  glue. 
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aartfaenwire,  cbemicals,  loeoroodye  engines,  carriages,  steam-boilers,  and  the  getting 
of  coal.  2nfl.  Holbeck  derives  its  name  from  the  Saxon  word  "  Hoi,"  a  low  place, 
and  "  beck,"  or  the  brook  which  flows  through  it  It  is  described  by  a  recent  histo- 
rian, as  **  one  of  the  most  crowded,  one  of  the  most  filthy,  one  of  the  most  unpleasant, 
and  one  of  the  most  unhealthy  villages  of  the  county  of  York."  But  still,  the  de- 
scription  which  this  historian  gives  is  greatly  exaggerated.  Holbeck  is,  and  Hunslet 
is  nearly  now,  united  to  Leeds  in  unbroken  continuity.  It  possesses  a  large  supply 
of  sulphureous  water^  once  celebrated  for  medicinal  virtues,  but  now  requir^  for  and 
applied  to  manufacturing  purposes.  Its  population  is  employed  in  the  manufacture 
of  flax  machines,  and  woollens.  3rd.  Bramley. — Its  population  is  mainly  employed 
in  the  woollen  manufacture,  agriculture,  and  the  getting  of  the  celebrated  Bramley 
Fall  stone  of  millstone  grit  4th.  Wortley,  situated  about  a  mile  from  Leeds,  is  said 
to  derive  its  name  from  its  herbage.  Armley,  from  one  "  Arm"  or  "  Orm,"  and 
**ley,"  a  field.  6th.  Headinglev,  from  **Hedde"  a  Dane,  "ing,"  a  patronymic 
added  to  his  fathers,  and  *<  ley,'^  a  field.  Headingley-with-Burley  is  full  of  the 
suburban  residences  of  our  merchants  and  manufacturers ;  whilst  kirkstall,  which 
forms  part  of  the  same  township,  contains  woollen,  worsted,  and  flax  factories.  There 
is,  just  without  the  borough,  ana  at  a  short  distynce  from  the  Abbey,  one  of  the  largest 
iron  forges  of  the  neighlK>urhood,  which  in  Tlioresby's  time  (1658)  was  so  extensive, 
that  he  declared  it  might  serve  Vulcan  and  his  Cyclops  to  work  in.  The  fulling-mills 
of  Armley  and  KirksUdl  are  perhaps  the  most  ancient  in  this  part  of  Yorkshire.  6th, 
Chapel-Allerton,  two  miles  from  Leeds  (north),  is  said  to  derive  its  name  from  four 
adjoining  hamlets,  called  the  Alder  hills.  It  is  mainly  composed  of  suburban  resi- 
dences. Its  poor  population  b  employed  in  agriculture  and  the  getting  of  stone, 
7th.  Beesten,  two  miles  and  a-half  from  Lee£,  though  now  an  agricultural  and 
mining  villaffe,  was  once  celebrated  for  the  manufacture  of  bone,  lace,  and  straw  hats. 
Coal  mines  have  long  been  worked  here,  and  iron  is  also  now  obtained  of  a  peculiarly 
fine  qualitv.  8th.  Famley,  about  two  miles  from  Leeds,  derives  its  name  from  the 
ferns  which  formerly  grew  here  in  great  abundance,  and  which  to  this  day  flourish  in 
many  parts  of  it  Its  population  is  employed  in  the  woollen  manufacture,  the  get- 
line  of  coal  of  rather  an  mferior  quality,  of  clay,  particularly  for  sanitary  pipes,  and 
in  tne  manufacture  of  iron.  9tb.  Potternewton,  about  two  miles  from  Leeas  (noith), 
is  said  to  derive  its  name  from  its  being  a  new  town,  in  which  potteries  and  brick 
kilns  existed,  contiguous  to  a  Roman  station.  It  possesses  many  suburban  resi- 
dences; its  industrialpopulation  is  mainly  employed  in  affricnlture  and  getting  of  stone. 
Of  the  remaining  small  hamlets  wid^n  the  borough  were  is  not  much  to  be  said. 
Their  populations  amount  to  237,  who  are  mainly  employed  in  iron  and  coal  mines, 
and  in  agriculture.  For  municipal  purposes  these  out-townships  are  divided  into 
wards,  which  send  representatives  to  the  Borough  Council  chamber.  In  the  following 
Table  the  superficial  area  in  statute  acres  and  the  population  in  each  ward  are  ^iven. 
Leeds  jproper  is  also  divided  into  wards,  the  superficial  area  of  each  of  which  is  also 

S'ven  m  statute  acres,  in  order  that  both  within  and  without  the  town  the  density  of 
e  population  upon  the  acre  may  be  seen.  Thus,  for  instance,  in  the  out-to?mships  :— 


Area 
in 


Out-Townships, 


Famley.. 1990 

Potternewton 1657 

Chapeltown 2747 

Beeston 1535 

Headingley 3058 

Bramley 2331 

Armley 907 

Wortley 1036 

Hunslet 1100 

Holbeck 760 


Inhabited 
Houses, 


Popnlation     Pop.  to        Popoln. 

in  a         ,       per 

1851.         house.  acre. 


17,121    15,059 


1722 
1385 
2842 
1973 
5105 
8949 
6190 
7896 
19,466 
14,152 

70,680 


4-9 
4-9 
4-6 
4-8 
4-9 
4.7 
4-7 
4-7 
4'6 
4*5 


0-8 
0-8 
10 
1-2 
1-9 
3-8 
6-7 
7-6 
17-6 
18*6 
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Wards, 


North-West  .... 
East 

..       538 
657 

West 

NoHh- feast 

Mill-Hill 

..       560 
..       541 
..       127 

South 

Kirk^'atA 

..       123 
31 

North 

92 

Out- townships... 

2672 
.  17,121 

REPbtiT^1858^ 

LEEDS   fROPBR. 

...     2693     ...     12,270     . 

.     45 

...     228 

...     3781     ...     17,421     . 

..    4-6 

...     26-5 

...     4231     ...     20,176     . 

.    60 

...     360 

...     4564     ...     21,301     . 

..     4-6 

...     380 

...       969     ...        5414     .. 

.     5-5 

...     42-7 

...     1363     ...        6677     . 

.     4-9 

...     54'i 

...       032     ...        3377     . 

.     5-3 

...  107-6 

...     2828     ...     14,454     . 

.     51 

...  1571 

21,061 
15,059 


101,090 
70,680 


19,790  36,120 


171,770 

293  military. 


172,063 
We  thus  see  that  over  the  wbole  horough  the  population  to  a  house  varies,  so  to  speak, 
from  44  to  51,  the  density  on  the  acre  heing  from  0*8  to  157.  In  all  the  townships 
of  the  borough,  with  the  exception  of  one  (Weston),  and  in  all  the  wards  of  the  town 
proper,  with  the  exception  of  Kirkgate,  this  density  increased  in  the  decennial  period 
between  1841  and  1851,  and  it  has  gone  on  increas{n|;  up  to  the  present  periocf,  with 
the  exception  of  the  Mill  Hill  Ward,  in  addition  to  Kirkgate,  in  which,  since  1851,  it 
has  also  decreased.  At  the  present  day  the  population  of  Leeds  proper  is  112,945— 
of  the  out-townships,  77,748.  The  number  lor  Leeds  is  calculated  on  the  proportioo 
of  persons  to  a  house  in  each  ward  in  1851,  the  multiplicand  being  the  number  of  in- 
habited houses  in  July,  1858,  correctly  ascertained  in  wards  from  the  rate-books. 
That  for  the  out-townships  is  based  on  tne  per-centage  increase  of  Leeds  proper.  The 
superficial  area  of  the  town  of  Leeds  is  thus  shown  to  be  in  the  aggregate  of  the 
wards  2672  acres  and  2  roods,  of  which,  in  1840,  695  acrea  Werie  occupi^  by  build- 
ings. 


Wilrd. 


Land. 


Buildings. 


TotaL 


Ea«t 

North-East 

A. 

...     646 
...    466 

R. 

3 
0 
0 
0 
1 
1 
1 
0 

0     ... 
0     ... 
0     ... 
0     ... 
0     ... 
0     ... 
0     ... 
0     ... 

A. 

...  Ill 

...       75 
...       82 
...     176 
...      57 
...       63 
...     101 
...       27 

a. 
0 
3 
1 
0 
1 
8 
2 
2 

P. 
0     ... 
0     .*. 

e  ... 
0  ... 
0  ... 
0  ... 
0  ... 
0  ... 

A. 

...    657 
...     541 
...     538 
...    660 
...     123 
...       92 
...     127 
1 

3 
3 

1 
0 
2 
0 
3 
2 

0 
n 

North-West 

Wfe«t 

South 

...    456 
...    884 
...       66 

0 
0 
0 

North 

Mill  Hill 

...       28 
...      26 

0 
0 

Kirkgate 

4 

0 

1977    2    0  695     0    0  2672    2    0 

The  inhabited  bouses  of  each  ward,  with  the  population  and  its  increase  and  de- 
creasoi  stand  as  follow :— 


1841. 

1851. 

1 

Per  cent.  1858. 

1 

1 

1 

1 

1 

i 

i 

1 

1 

i 

East...... 

N.  East. 
N.  West. 

West 

South.... 
North.... 
MUlHiU 
Kirkgate 

3436 
3959 
2237 
3475 
1273 
2711 
906 
656 

15,530 

17,887 

10,669 

16,616 

6210 

13,001 

5222 

3411 

3781 
4564 
2693 
4231 
1363 
2828 
969 
632 

17,421 

21,301 

12,270 

20,176 

6677 

14,454 

6414 

3337 

10-3 
191 
15-6 
21-4 

7-5 
111 

3-6 
0 

0 
0 
0 

s 

0 

0 

2-2 

4038 
5174 
3441 
4906 
1502 
2891 
940 
621 

6-7 

13-3 

277 

15-9 

10-2 

2-2 

0 

6 

b 
0 
0 
0 
0 
0 
3 

1-7 

ld.570 

23,798 

15,484 

24,530 

7358 

16,744 

6170 

3291 

6-7 
11-6 
26-1 
21-5 
11-6 

0 

0 

13<9 
1-4 

23,613 

1 
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by  nvhicli  we  gather,  tliat,  of  late  yean,  the  tide  of  population  in  Leeds  has  steadily 
flowed  towards  improved  yentilation  and  surface  condition :  since  the  increases  in  seven 
years,  from  1851  to  1898,  in  the  West  and  North-west  Wards,  exceed  the  per  centage 
decennial  increases  of  the  ten  years  between  1841  and  1851.  There  has  oeen  a  gra* 
dual  decrease  in  the  number  of  inhabitants  in  the  Mill  Hill  Ward,  which  is  in  the 
centre  of  the  town,  and  mainly  composed  of  wide  and  well-ventilated  streets;  bat 
liere  the  population  has  given  way  to  warehouses,  shops,  and  offices.  And  in  the 
Kirkgate  Ward  there  has  also  been  a  continued  decrease  which  we  can  understand  ;-^ 
for  though  it  is  also  in  the  centre  of  the  town,  as  it  were,  and  mainly  occupied  by 
shops  and  WarehoiiseB,  yet  Its  dense  dourts  and  yards  lie  contiguous  to  a  Hver,  which, 
though  a  trout  stream  within  the  last  seventy  years^  having  fbotways  clothed  with 
avenues  of  trees,  is  now  nothing  but  an  open  sewer,  containing  the  sewerage  of  Brad- 
ford, Shipley,  and  all  the  mills,  houses,  dyehouses,  tanneries,  and  worksnoUs,  which 
crowd  its  western  banks ;  and  cannot,  therefore,  be  healthy  or  pleasant  to  those  who 
have  not  the  means  of  removing  elsewhere.  We  see,  in  fact,  towards  the  less  densely 
populated  wards,  a  gradual  movement  made  from  the  old  localities,  as  well  as  a  steady 
increase  of  a  new  population.  Mr.  Baker  proceeded  to  exhibit  the  diminution  in  the 
rate  of  mortality  resulting  from  the  sanitary  improvements  effected  by  the  Local  Im- 
provement Act  and  the  Burial  Act.  In  the  north  districts^  for  example,  in  the  seven 
years  from  1851  to  1858  the  deaths  decreased  25  percent.,  the  population  meanwhild 
increasing  in  density,  and  the  ratio  of  births  to  the  population  remaining  the  same* 
So  also  in  the  south-east  district,  with  an  increased  population^  the  deaths  decreased 
16  per  cent.,  and  in  the  west  district  the  mortality  dironiished  5  per  cent.  He  con- 
sidered that  other  ameliorating  influences  had  been  at  work  within  the  period  in 
question,  such  as  compulsory  vaccination,  the  decrease  of  cellar  occupancies,  emigra- 
tion to  better-ventilated  districts,  improved  regulations  as  to  hours  of  labour,  iriiproved 
-yrages,  temperance  societies,  a  higher  social  and  intellectual  state  brought  about  by 
lectures,  cheap  publications,  and  mstitutes  for  mutual  Improvement,  all  of  which  re- 
medial elements  Leeds  possesses  in  an  eminent  degree.  The  importance  of  sanitary 
measures  at  Leeds  could  scarcelv  be  over-rated,  considering  that  18  per  cent,  only  of 
all  its  houses  exceed  £10  annual  rent — a  fact  which  showed  how  larsely  the  popula- 
tion was  composed  of  the  working  classes.  Referring  to  some  of  the  larger  tradei 
conducted  in  the  town  proper,  he  mentioned  the  following  as  being  the  staple  :-— 
Woollen,  worsted,  flax,  silk,  dyeing,  machine-making,  leather,  paper,  tobacco,  sanitary 
pipe  and  fire-brick,  glass,  earthenware,  gliie,  and  chemicals^  coal,  stone,  railway  ter- 
mmals,  and  making  garments  for  exportation.  He  doubted  whether  the  prevailing 
manufacture  of  Leeds  was  at  the  present  time  woollen^  or  the  fabrication  of  machinery. 
The  interests  engaged  in  the  woollen  trade  were — the  manufacturer,  the  finisher,  and 
the  rag-grinder ;  and,  as  illustrative  of  the  condition  of  this  important  branch  of  trade, 
he  introduced  these  statistics : — 

Ist ^8         ..t         1936         ...         664d         ...        —  952 

2nd  .o... 4k 48         ...    '      860         «..  ^  ,..        860  «^ 

ard.i.,.4 12        ..»  128        ...  ^  ,,.        —  — 

128  2924  8646  660  952 

Total  number  of  persons  employed,  10,193. 
The  wages  of  these  processes  are  as  follows  :-^ 

Annually.  Weekly.  I'er  person 

£         9.  d.  £      t.   d.  weekly 

first  process,  manufacture 110,120    8  0  Sll7  14    6  ll     7' 

Second,  finishing 254,215     0  0  4888  15     0  15     6f 

Third,  rags 5760  16  0  110  15    0  6    oj 

Total £370,096    4    0  7ll7    4    0  10    OJ 

Mr.  Baker  presented  a  mass  of  information  relating  to  other  branches  of  industry  car- 
ried on  to  a  lai^  extent  in  the  town,  and  employing  45,889  persons,  whose  wages  be 
eomputed  at  dll, 752,689  per  aiinuhi,  br  €33,734  a-week*    Speaking  of  the  poverty 
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or  improvidence  of  the  working  population,  he  said  that  in  1857  there  were  reliered 
out  of  the  rates  2238  men,  4862  women,  5653  children,  and  4864  vagrants ;  in  all 
17,437  persons  supported  out  of  the  savings  of  the  industrious,  notwithstanding  all 
that  was  done  hy  charity,  by  secret  orders,  and  benefit  societies.  To  his  mind  this 
pauperism  was  tne  result  of  sheer  improvidence,  and  it  would  have  to  be  dealt  with 
by  social  science.  He  tnisted  that  the  day  was  dawning  when  morality  would  be  a 
lesson  taught  with  labour,  and  when  as  a  people  we  might  be  wiser  and  better  for  our 
abundant  benefits.  

On  the  Degree  of  Education  of  Persons  tried  at  the  Middlesex  Session*. 
JBy  Joseph  Bateman,  LL,D.^  F.R.A.S. 

During  the  year  1856  there  were  1717  persons  charged  with  ofiences  at  these  Ses- 
sions. Of  these,  880  (or  more  than  one  half)  could  not  write ;  viz.  379  could  not 
read,  and  501  could  read  hut  not  write.  Of  these  880  persons  who  could  not  write, 
579  (out  of  1262  committed  or  bailed,  being  almost  one-half)  were  males,  and  301  (oat 
of  455,  being  two- thirds)  were  females.  Besides  these,  401  were  returned  as  able  to 
read  and  write  imperfectly ;  viz.  74  males  and  27  females.  On  the  other  hand,  there 
were  677  out  of  the  1717  charged  (being  more  than  one-third)  who  were  stated  to  be 
able  to  read  and  write  well;  viz.  561  males  out  of  1262  charged,  and  116  females 
out  of  455  charged,  and  18  (all  males)  reported  to  possess  a  superior  education. 
This  amount  was  so  considerable  as  to  give  a  colour  to  the  opinion  which  still  prevails 
to  some  extent,  that  the  imparting  of  the  mere  elements  of  education  does  not  neces- 
sarily improve  the  morals  of  the  people.  But  there  is  one  circumstance  connected 
with  these  statistics  which  is  usually  overlooked,  and  which  it  is  the  chief  object 
of  the  present  paper  to  point  out : — it  is  this.  Middlesex,  to  which  these  returns 
relate,  is  a  county  in  whicn  elementary  education  is  more  generally  difiused  than  it  is 
throughout  the  country  at  large.  It  appears  by  the  Registrar-General's  Report  that 
in  1854  the  proportion  of  men  who,  in  the  metropolis,  wrote  their  names  in  the  Marriage 
Register  was  88  out  of  every  100,  and  the  like  proportion  of  women  was  79  out  of 
every  100.  It  may  be  inferred  therefore  that  there  are  in  the  metropolis  only  about 
12  men  in  100,  and  21  women  in  100  who  cannot  write;  and  consequently  that  the 
criminals  in  that  part  of  the  country  are  not  taken  from  the  entire  community  indis- 
criminately, but  that  full  one-half  of  them  are  taken  from  the  class  of  extremely  igno- 
rant, consisting  of  one-sixth  of  the  population,  thus  reducing  the  criminals  among  the 
educated  classes  to  a  very  small  proportion  indeed  :  and,  if  we  confine  our  observa- 
tions to  the  case  of  women  alone,  we  shall  find  that  the  extremely  ignorant  class, 
consisting  of  one-fifth  only  of  the  whole  female  population  of  the  county,  furnishes 
Uoo-thircU  of  its  female  criminals.— See  Report  of  Mr.  Pashley,  Q.C.,  to  the  Middle- 
-sex  Magistrates.  ._«__ 

On  the  Investments' (^  the  Industrial  Classes. 
jBy  Joseph  Bateman,  LLJ>.y  P.R.A.S. 

The  investments  of  the  industrial  classes  are  chiefly  made  in  Friendly  Societies  and 
Savings  Banks.  The  number  of  friendly  societies  enrolled  and  certified,  and  now  in 
existence  in  England  and  Wales,  is  about  20,000,  and  the  number  of  members  belong- 
ing to  them  exceeds  2,000,000,  with  funds  exceeding  iS9,000,000,  of  which  the  siun 
of  £1,431,543  is  in  English  and  Welsh  savings  banks,  and  the  sum  of  £1,944,991  in- 
vested with  the  Commissioners  for  the  Reduction  of  the  National  Debt,  making  a  total 
of  £3,376,534  so  invested.  The  number  of  individual  depositors  in  savings  l^nks  on 
the  29th  November,  1857,  was  1,241,752,  and  the  sum  due  to  them  was  £32,984,923. 
It  thus  appears  that  the  members  of  these  societies  and  depositors  in  savings  banks 
possess  funds  amounting  to  neariy  £42,000,000,  and  that  the  average  investment  of 
each  member  of  the  friendly  societies  is  £4  \0s.,  and  of  each  depositor  in  the  savings 
bank  about  £26  1 U.  ScL  ft  appears  that  the  number  of  depositors  in  savings  banks 
is  five  times  more  than  the  number  of  persons  entitled  to  dividends  on  the  public 
funded  debt;  and  that  of  those  so  entitled  to  dividends,  by  far  the  greater  number  are 
for  very  small  amounts,  such  as  may  be  supposed  to  belong  to  the  humbler  classes ; 
whilst  the  total  number  of  persons  receiving  dividends  exceeding  £4000  per  annum 
amounted  only  in  the  year  1856  to  227  in  the  United  Kingdom.    Another  cUias  of 
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investments  open  to  the  working  classes,  but  which  was  too  little  known  to  be  acted 
upon,  was  the  purchase  of  deferred  and  other  annuities  of  the  Commissioners  for  the 
Reduction  of  the  National  Debt,  who  were  empowered  to  grant  such  annuities  (not 
exceeding£30  per  annum  to  one  person)  on  very  advantageous  terms  to  the  pur* 
cbaser.    The  number  and  value  of  these  annuities  purchased  up  to  5th  January,  1857, 
were— immediate,  deferred,  and  life  annuities,   number  10,864;  piu:chase*money 
£2,071,831   18t.  lid,;  for  terms  of  years,  number  373;  purchase-money  £53,081 
1 7s,  6d>     Referring  to  the  antiquity  of  friendly  societies,  it  was  remarked  that  Mr, 
Kenrick,  the  learned  author  of '  The  Roman  Sepulchral  Inscriptions,'  had  shown 
that  burial  clubs  were  in  existence  among  the  Romans,  and  he  hadactually  discovered 
a  copy  of  the  rules  of  such  a  society  inscribed  in  marble.     At  the  present  moment 
there  were  more  friendly  societies  of  one  kind  or  another  in  England  and  Wales  than 
were  to  be  found  in  the  whole  of  the  rest  of  Europe,  or  perhaps  elsewhere.     No  less 
than  26,000  had  been  established  according  to  law  in  England  and  Wales  between 
1793  and  1857,  besides  immense  numbers  of  trade  societies  and  <<  orders,-'  some  of 
them  numbering  their  members  by  himdreds  of  thousands,  and  many  of  which  no 
account  was  returned  to  the  Registrar.     Of  the  friendly  societies  properly  so  called, 
and  which  had  come  to  the  knowledge  of  the  Registrar,  there  were,  as  has  been  said, 
20,000,  by  which,  in  the  aggregate,  no  less  a  sum  than  £1,000,000  per  annum  was 
expended  for  affording  relief  m  sickness  alone.     In  the  year  1 85  7,  the  friendly  societies 
in  Leeds  raised,  in  round  numbers,  £25,000,  and  distributed  £20,000.     The  author 
proceeded  to  notice  the  various  other  classes  of  friendly  societies  and  modes  of  invest- 
ment for  the  industrial  portion  of  the  population ;  the  recent  improvement  of  the  law 
relating  to  those  institutions ;  and,  as  another  pleasing  fact,  the  increasing  confidence 
in  savmgs  banks,  notwithstanding  the  failure  at  Rochdale  and  a  few  other  places ; 
and  he  expressed  a  hope  that  such  failures  would  be  prevented  in  future  oy  the 
Government  taking  upon  itself  the  responsibility  of  the  funds.     If  the  savings  laid 
out  by  the  workine  classes  in  the  various  other  modes  besides  benefit  societies  and 
savings  banks  could  be  usccrtained  and  added  to  the  sums  disclosed  by  the  official 
accounts,  they  would  swell  the  total  to  a  sum  that  would  astonish  some  persons  by  its 
▼astness ;  and,  though  he  did  not  think  it  would  prove  that  the  industrious  classes  were 
all  as  thoughtiful  and  prudent  as  they  ought  to  be,  it  would  show  that  they  were  not 
so  thoroughly  dissipated  and  careless  as  some  persons  had  represented;  and  they  were 
entitled  to  every  encouragement  and  assistance  in  carrying  out  their  habits  of  prudence 
and  economy.  

Trade  and  Commerce  the  Auxiliaries  of  CiviUzaiion  and  Contort 
By  T.  Bazlby,  MJP,<,  Manehetier. 
Mr.  Bazlev  sketched  the  rise  and  progress  of  the  cotton  trade,  as  confirming  and 
supporting  the  views  enunciated  in  the  title  of  this  paper.  In  1758  the  imports  of 
cotton  and  its  consumption  by  domestic  labour  might  be  three  millions  of  pounds 
weight  for  the  entire  year,  but  in  the  present  year,  a  century  afterwards,  the  quantity 
consumed  would  be  one  thousand  millions  of  pounds,  of  which  the  United  States  sup- 
plied duree-fifths,  the  other  two-fifths  being  obtained  from  the  East  Indies,  South 
America,  Eg^t,  and  the  West  Indies.  For  the  last  year,  by  the  return  made  by  the 
Board  of  Trade,  the  exports  of  cotton  manufactures  seitt  to  every  part  of  the  world 
amounted  to  upwards  of  thirty-nine  million  pounds  sterling.  Hence  this  latve  sum 
becaipe  the  agent  of  payment  to  a  corresponding  extent  of  imports ;  but  in  thus  largely 
aiding  in  procuring  increased  supplies  of  foreign  products,  whether  in  gold,  silver, 
raw  materials,  food,  wines,  sugar,  fruits,  or  luxuries  of  distant  growth  which  are  re- 
ceived into  the  United  Kingdom,  there  was  the  satisfaction  that  our  cotton  industry 
had  contributed  clothing  comforts  to  the  benefit  alike  of  the  savage  and  civilized  in 
•very  region  of  the  earui.  In  this  current  year  the  exports  of  cotton  manufactures 
would  perhaps  amount  to  forty  n\i1lions  value,  and  the  portion  left  for  home  consump- 
tion might  be  twenty  millions,  or  eoual  to  17«.  per  head  for  the  population  of  this 
country ;  but,  as  the  cotton  trade  of  Great  Britain  is  not  half  its  magnitude  in  the 
entire  world,  including  the  domestic  and  semi-domestic  manufacture  still  extensively 
carried  on  in  the  East,  the  manufacture  of  the  world  at  large  could  not  be  less  than 
the  annual  value  of  one  hundred  and  forty  millions,  and  therefore  this  industry  afforded 
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to  the  world's  population  3#.  worth  each  of  cotton  ciothine,  or,  represented  in  i 
fourteen  yards  per  annum  for  every  man,  womau}  and  child  in  existence.     Presunaiii^ 
the  cotton  industry  of  this  country  to  amount  to  sixty-four  millions  in  value  for  the 
current  year,  and  the  cost  of  the  raw  material  to  be  twenty-four  millions,  then  the  ram 
remaining  for  waees,  interest  of  capital,  rent,  taxes,  fhel,  freight,  carriage,  and  other 
requisites,  would  he  forty  millions.    The  population  emploved  in  this  trade  exceeds 
half  a  million,  and,  as  every  worker  is  said  to  be  connected  in  his  family  with  three 
non-workers,  who  depend  upon  the  single  worker  for  subsistence,  two  millions  of  peo- 
ple are  therefore  supported  by  it     Engineers,  A)unders«  machine«>makers,  and  other 
auxiliary  traders  employ  vast  numbers  of  weU<<paid  workmen,  who  are  constantly  en-^ 
gaged  and  sustained  at  the  cost  of  the  capital  invested  in  the  constructive  department 
of  the  cotton  trade ;  hence  these  Airther  soUrces  of  support  increase  the  total  numher 
of  people  dependent  upon  this  extraordinary  industry.     Viewing  Lancashire  aa  the 
chief  seat  of  this  industry,  if  we  refer  to  its  population  a  hundred  years  ago,  we 
find  it  to  have  been  about  300,000,  whilst  now  it  was  2,300,000)  making  an  increase 
greatly  in  excess  of  any  of  the  old  trading  and  agricultural  communities  of  this  or  anj 
other  country.   After  noticing  the  numerous  other  places  in  different  counties  of  Bn^ 
land  and  Scotland  in  which  the  manufacture  of  cotton  has  become  the  great  suppert 
of  labour,  Mr.  Basley  proceeded  to  discuss  the  question  of  increasing  the  suppues  of 
the  foreign  raw  material,  and  urged  the  importance  of  opening  up  new  fields  for  its 
cultivation.     Africa  and  Asia  could  grow  more  cotton  than  the  most  sanguine  could 
contemplate  the  demand  of  the  whole  world  would  ever  require  i  and  to  extend  its 
production  in  those  two  quarters  of  the  globe  would  be  at  the  same  time  to  extend 
civilisation  and  to  diffuse  uie  comforts  of  life.    Workpeople,  manufacturers,  merchants^ 
statesmen,  and  philanthropists  had  all  the  deepest  interest  in  this  vital  question, 
which  hitherto  had  been  shrouded  in  almost  fatal  apathy.     At  home  and  abroad  the 
wonder  was  that  the  British  East  and  West  Indies  had  not  supplied  the  largest  far- 
lion  of  the  cotton  needed  in  this  country.     For  much  of  the  unproductiveness  of  thoai 
portions  of  the  British  empire  misgovernment  was  responsible.     Roused,  however,  by 
the  salutary  influences  of  public  opinion,  the  legislature  of  our  country  had  given  to 
,  the  Bast  Indies  a  new  existence.     No  intermediate  spoiler  would  hereafter  prevent 
the  queen  and  a  direct  executive  from  developing  the  resources  of  India.     An  en- 
lightened  and  just  policy  applied  to  every  British  colony  would  yield  the  benefits  of 
an  extended  commerce,  blessing,  like  charity,  those  who  gave  and  those  who  received. 

Notes  an  Se^-supparting  Dispensaries^  with  some  Statistics  of  the  Coventry 
Provident  Diipeneary.    By  Charlbs  H.  Brackbridob. 

The  statistics  of  the  self-supporting  Dispensary  at  Coventry  are  offered  to  this 
Section  as  an  example  of  those  institutions  projected  by  Mr.  H.  fi.  Smith,  of  Southun, 
Warwickshire,  whicni  when  supported  by  a  sufficient  number  of  members,  have  been 
successful.  The  statistics  of  that  at  Northampton  are  fully  as  favourable,  though  not 
carried  over  so  louff  a  period ;  this  latter  having  been  instituted  in  1845,  and  the  for- 
mer in  1831*.  The  queen's  visit  to  Warwick  gave  occasion  to  the  formation  of  a 
Central  Society  for  the  promulgation  of  the  principle,  to  whom  application  might  be 
made  for  information  as  to  rules,  books,  and  other  details,  by  the  possession  of  which 
the  founders  might  proceed  safely,  and  without  danger  of  failing  in  their  objects,  pro- 

*  The  following  are  the  statistics  for  1867  of  the  Dispensaries  it  Gvventry  and  NocttK 
amptont— 


Place. 

Members. 

Cases 
Attended. 

Midwifory 
Cases. 

Paid  for 
Drags. 

Paid  to 

Me^icsl 

Men. 

Paid  by 
Free 

Fund. 

Coventry 1 

No. 
4500 

6429t 

No. 
2927 

14960 

No. 

48' 

£ 
251 

491 
578 

749 
751 

(founded  1832)...   ' 
NorthftmBton ....... 

(founded  1845)... 

222 

166 

t  In  1851. 
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vided  always  Uie  one  neeestity  of  all  insurance  aeainst  risks,  and  snflkient  nuinben, 
be  supplied.  This  little  Socie^  was  founded  at  Warwick  in  July  last  (1858),  the  Lord 
Lieutenant,  the  High  Sherifi,  Lord  Warwick,  Lord  Willoughby,  and  sereral  magi- 
strates and  gentlemen  of  the  county,  as  well  as  two  or  three  gentlemen  from  Coventry 
and  Northampton,  being  present,  and  vouching  for  the  workine  of  the  Coventry  and 
Northampton  Dispensaries  for  more  than  twenty  years.  To  tnis  Society  tlie  foikyw- 
ing  towns  have  already  applied  for  information : — Bath,  Bradford,  Conway,  Hereford^ 
SouUiend,  and  Tadcaster.  It  is  called  the  "  Society  for  promoting  the  princmles  of 
KoyaA  Victoria  Self-supporting  Dispensaries/'  Houoraiy  Secretary. — H.  S.  Smith, 
Esq.,  Southam ;  Bankers — Messrs.  Greaves,  Greenway,  and  Smitli,  Warwick.  The 
committee  meets  at  the  Warwick  Arms,  at  Warwick. 

The  advantages  to  members  are,  that  the  Dispensaries  are  founded  on  the  princi- 
ple of  Provident  Insurance.  Practice  is  afforded  to  medical  men,  and  emulation  ex- 
cited. Many  cases,  no  doubt,  are  brought  under  their  notice  which  would  otherwise 
have  been  neglected,  till  too  late  for  remedies  to  be  applied ;  to  say  nothing  of  the 
great  facilities  afforded  by  these  institutions  for  obtaining  statistics  of  disease,  and  of 
Uieir  tendency  to  promote  sanitary  improvements. 

Clubs  can  be  taken  in  en  masse,  and  cholera  cases  are  attended  gratis.  The  pay- 
ments to  medical  men,  when  divided  by  the  number  of  cases,  appear  to  be  about  l«« 
at  Northampton,  but  are  considerably  higher,  about  Ss,  ^tL,  at  Coventry ;  the  other 
expenses  are  salaries  to  Dispenser  and  a  boy,  and  the  purchase  of  drugs,  leeches,  and 
instruments.  The  variation  arises  from  calculating  attendance  on  everi^  child  in  one 
instance,  and  not  in  the  other.  In  each  case  the  medical  men  have  divided  £760*, 
[Coventry  £1  less,  Northampton  £1  more,]  and  are  satisfied.  The  number  of  visits 
made  at  patients*  abodes  in  severe  cases  is  not  mentioned. 

At  Coventry  each  family  selects  its  medical  man  for  the  year ;  so  that  it  becomes 
unnecessary  to  enter  every  slight  case  among  the  children  for  a  proportional  division 
among  the  medical  men  at  the  end  of  the  year. 

On  the  Financial  Prospects  of  British  Railtoays. 
By  Samuel  Brown,  F,R.G.S.,  F.S.S. 

Mr.  Brown  gave  a  summary  of  the  leading  facts  showing  the  extension  and  present 
]K>sition  of  the  railway  system  of  the  country.  In  doine  so  he  confined  himself  prin- 
cipally to  the  reports  presented  by  Captain  Galton  to  the  Board  of  Trade,  whicn  re- 
ports bring  down  the  mformation  to  the  end  of  1856.  He  also  quoted  from  a  Par- 
liamentary document  which  has  recently  appeared,  showing  that  ttie  total  amount  of 
capital  and  loans  for  railways  in  the  United  Kingdom,  authorized  by  Acts  of  Parlia- 
ment previous  to  31st  December,  1857,  was  £387,051,735,  of  which  £7,732,496  was 
authorized  to  be  raised  by  shares  and  £2,614,316  by  loan  last  year.  Previous  to  ^e 
year  1857,  £281,1 14,152  was  to  be  raised  by  shares  and  £96,458,773  by  loans.  On 
the  31st  of  December  last — 

Capita  wised.  ^^^^^857^!'*^*  ^^  <^^ 

Ordinary  share j£l78,624,394  ,..        6,391,746        ...  3-579 

Preference  share 58,126,627  ...         2,706,157        ..,  4*655 

Loans 78,406,237  ...        3,240,683        ...  4*133 

Total 315,157,258  12,338,586  3^ 

The  companies  then  retained  power  to  raise  £72,194,678  by  existing  shares,  by  new 
shares,  and  by  loans.  £283,957,225  was  the  amount  stated  to  be  expended  in  the 
construction  of  railway  works.  The  length  of  line  open  for  traffic  on  31st  December 
last  was  9447  miles  (2681  miles  single  and  6356  double  lines);  993  miles  of  railroad 
were  being  constructed  at  the  end  of  the  year,  and  3554  miles  of  line  were  authorised, 
but  not  then  commenced.  The  total  length  of  lines  for  which  companies  had  obtained 
powers  prior  to  31st  December,  1857,  was  stated  at  13,562.  In  reference  to  the  im- 
portant consideration  of  the  relative  amount  of  loans,  preference  and  ordinary  share 
capital,  Mr.  Brown  remarked  that  it  was  evident  that  whatever  the  state  of  the  money 

*  Less  the  sum  paid  for  drags—At  Coventry^  JS251 1  Nerthamptoo,  ^66. 
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market,  the  loweet  nte  of  interest  for  the  time  being  would  always  be  upon  those  in- 
irestments  which  afforded  the  largest  maivin  for  the  certain  payment  of  the  interest 
and  the  repayment  of  the  principal  at  the  periodsflagreed  on.    Of  £308,775,804, 
"which  was  the  total  amount  of  money  raised  up  to  the  end  of  1856  for  the  construc- 
tion of  railways,  £77,359,419,  or  25  per  cent,  formed,  in  the  shape  of  loans,  a  first 
charge  on  the  profits  of  the  companies.    At  the  end  of  1857,  £78,406,237  out  of 
jC3 15, 147,260,  or  24*88  per  cent,  was  similarly  advanced.     The  total  profits  from  aJl 
railways  in  1856  appeared  to  have  been  £12,277,712,  and  the  interest  upon  deben- 
tures and  loans  dE3,607,072 ;  thus  leaving  a  margin  of  £8,670,640,  or  70*62  per  cent. 
of  net  profits,  to  secure  the  punctual  payment  of  this  interest.     Under  such  circum- 
stances, what  could  be  the  cause  that  the  average  rate  of  interest  on  loans  so  secured 
should  be  as  high  as  4*66  per  cent  in  1856,  and  that  in  the  most  favourable  year, 
1853,  it  never  fell  below  an  average  of  4*14  per  cent?    What,  again,  could  be 
the  cause  that  the  rate  of  interest  on  these  securities  had  gone  on  increasing  in 
successive  years  till  1856,  though  the  rate  of  interest  on  ordinary  share  capital  nad 
diminished?    In  1857  it  was  true  the  rate  of  interest  on  this  class  of  securities 
aeemed  considerably  less,  but  it  was  still  4*133  per  cent.,  whilst  the  rate  of  dividend 
on  ordinary  share  capital  had  increased  to  3*579  per  cent.    Looking  at  the  very  large 
surplus  which  remained,  and  the  ample  security  thereby  afibrded  for  punctual  pay- 
ment of  the  interest,  there  seemed  no  reason  to  doubt  that  such  loans  should  be  con- 
sidered nearly  equal  to'govemment  securities.    A  suggestion  had  been  recently  made 
that  all  such  bonds  and  obligations  should  be  made  payable  to  the  bearer,  and  trans- 
missible from  hand  to  hand  without  expense  or  trouble.    The  suggestion  was  well 
worthy  of  notice,  and  the  effect  would  be,  no  doubt,  to  diminish  the  rate  of  interest  at 
which  such  advances  were  made,  and  ultimately  this  class  of  loans  would  probably  not 
differ  much  in  value,  nor  fluctuate  much  more  in  market  price,  than  the  public  funds. 
A  difference  of  one-half  per  cent,  interest  on  the  existing  loans  of  £78,000,000  would 
amount  to  £390,000  per  annum — no  mean  advantage  to  the  ordinary  shareholders. 
Passing  to  the  question  of  the  preference  shares,  Mr.  Brown  pointed  out  that  in  185f, 
if  there  had  been  no  preference  shareholders,  but  all  had  snared  alike,  the  average 
dividend  would  have  been  3*915  per  cent    The  truth  was,  that  the  raising  of  money, 
either  by  debentures  or  preference  shares,  was  a  false  system,  and  always  acted  pre- 
judicially to  the  ordinary  shareholders,  imless  their  annual  dividends  amoimted  to,  at 
least,  the  same  rate  per  cent  on  their  capital  as  they  had  to  fi^ive  on  debentures  or 
preference  shares.    After  remarking  upon  questions  of  the  reduction  of  the  working 
expenses  of  railways,  the  increase  of  traffic  receipts  (which,  notwithstanding  periods 
of  commercial  depression,  had  made  steady  proaress  for  several  years),  Mr.  firown 
said,  in  conclusion,  that  some  of  the  evils  from  which  railway  shareholders  were  now 
suffering,  though  recognized,  could  not  be  remedied.     Mr.  Stephenson  computed  that 
no  less  than  £14,000,000  had  been  spent  in  law  proceedings.     Yet,  for  all  this,  if  the 
loan,  preference  and  ordinary  share  capital  were  considered  as  one  interest,  the  re- 
sults, though  falling  far  short  of  the  expectations  entertained,  gave  no  occasion  to 
despair  of  the  future.     A  net  profit  of  £12,338,586  in  1857  on  a  capital  paid  up  of 
d631 5,1 57,258  (share  and  loan),  yielded  3*915  per  cent,  and  was  a  fair  vantage-ground 
for  further  progress.     With  a  diminution  in  the  rate  of  interest  when  the  de^nture 
and  preference  share  capital  was  better  understood,  under  improved  management; 
with  a  revision  and  a  reduction  in  some  of  the  various  sources  of  expenditure ;  with 
constantly  augmenting  traffic  receipts ;  with  a  cessation  of  the  fatal  and  senseless 
competition  which  had  so  long  prevailed ;  with  a  tribunal  for  arbitration  which  would 
save  both  legal  expenses  and  the  reckless  opposition  of  the  companies  amongst  each 
other;  with  more  regard  to  the  convenience  of  the  public  in  the  arrangement  of  the 
trains;  with  more  attention  to  the  comfort  of  third-class  passengers;  and  with  some 
system  to  check  the  construction  of  unnecessary  lines,  and  to  develop  the  commerce 
of  districts  by  officials  thoroughly  versed  in  the  resources  they  afforded,  there  could 
be  no  reason  for  railway  shareholders  to  give  way  to  despondencpr,  but  rather  to  look 
with  pride  and  satisfaction  on  a  branch  of  commercial  enterprise,  the  capital  em- 
barked in  which  fell  little  short  of  £400,000,000  sterling,  and  of  which  the  net  profits 
on  the  amount  paid  up  exceeded  last  year  half  the  interest  upon  the  permanent  Na- 
tional Debt, 
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On  the  Law9t  according  to  which  a  Depreciation  of^  Precious  Meials  eom^ 
sequent  ^pon  an  Increase  qf  Supply  takes  places  considered  in  comstesrioes 
with  the  BecaU  Gold  Discoveries.    By  Professor  Cairnes. 

Prof.  Cairnes  referred  to  the  discussions  occasioned  by  the  recent  gold  discoveries 
•8  eshibitingy  on  the  part  of  a  large  number  of  those  who  engage  in  mem,  a  strange 
unwillingness  to  recognize,  amongst  the  inevitable  consequences  of  those  events,  a 
fall  in  the  value  of  money.    He  said  a  strange  unwillinffness,  because  similar  doubts 
were  not  found  to  exist  in  any  correspondin|:  case.     With  respect  tp  all  other  com- 
modities, it  was  not  denied  that  whatever  facilitated  production  promoted  cheapness, 
that  less  would  be  given  for  objects  when  they  could  be  attained  with  less  trouble  and 
sacrifice.     It  was  not  denied  by  any  one  pretending  to  economic  knowledge  that  the 
enlarged  production  of  gold  now  taking  place  had  a  tendency  to  lower  its  value;  but 
it  seemed  to  be  very  generally  supposed  that  the  same  cause — the  increased  gold 
production — had  the  enect,  through  its  influence  on  trade,  of  calling  into  operation  so 
many  tendencies  of  a  contrary  nature,  that,  on  the  whole,  the  depreciation  must  pro- 
ceed with  extreme  slowness,  the  results  being  dispersed  over  a  period  so  great  as  to 
take  ft'om  theni  any  practical  importance,  and  that  at  all  events  up  to  tbe  present  time 
no  sensible  e^ect  upon  prices  had  thence  arisen.   The  existence  of  this  opinion  aipongst 
economists  was,  he  apprehended,  to  be  attributed  in  some  degree  to  the  circumstance 
that  90  few  had  taken  the  pains  to  compare  the  actual  prices  of  the  present  time  with 
those  pf  the  period  previous  to  the  gold  discoveries ;  but  much  more  to  the  fact  that 
the  character  of  the  new  agency  and  the  mode  of  its  operation  were  not  in  general 
correctly  conceived.    The  most  general  opinion  with  reference  to  the  action  of  an 
increased  supply  of  mone^  upon  its  value  was,  that  a  depreciation  of  money,  so  far  as 
it  arises  from  this  cause,  is  uniform,  that  is  to  say,  takes  place  in  tbe  same  degree  in 
relation  tojall  commodities ;  and  that  therefore  prices,  so  rar  as  they  are  influenced  by 
an  increase  of  money,  must  exhibit  a  uniform  aavance ;  and,  no  such  uniformity  being 
observed  in  the  actual  movements  of  prices,  the  inference  bad  not  unnaturally  been 
made,  that  the  enhancement,  so  far  as  it  has  taken  place,  is  not  due  to  this  cau«e — 
that  it  is  not  money  which  has  fallen,  but  coipmodities  which  have  risen  in  value. 
With  riBspect  to  this  doctrine  of  the  uniform  action  of  an  increased  supply  of  money 
upon  its  value  in  relation  to  commodities,  he  was  quite  prepared  to  aamit  its  souno- 
ness,  provide^  sufficient  time  were  allowed  for  the  disturbances  introduced  by  the  new 
additions  to  be  corrected.     He  conceived,  however,  that  these  disturbances,  when  th^ 
augmentations  took  place  upon  the  scale  which  we  were  at  present  witnessing,  were 
of  a  kind  which  did  not  admit  of  speedy  correction,  but  might  continue  throughout 
the  whole  period  of  progressive  depreciation ;  a  period,  which,  if  he  might  venture  to 
express  an  opinion  on  tne  subject,  would  probaoly  extend  over  SQme  thirty  or  £[>rty 
jreari.    The  mode  in  which  an  increased  production  of  gold  operated  in  depreciating 
Its  value,  and  thus  raising  general  prices,  appeared  to  him  to  be  twofold,  and  to  take 
place,  first,  directly,  through  the  medium  of  an  enlarged  money  demand ;  and  secondly, 
indirectly,  througn  a  contraction  of  supply.     Prof.  Cairnes  then  stated  in  detail  iho 
considerations  from  which  he  arrived  at  the  following  general  conclusions : — First, 
that  the  commodities,  the  price  of  which  may  first  be  expected  to  rise  under  the  influ- 
ence of  tbe  new  money,  are  those  which  fall  most  extensively  within  the  consumption 
of  the  productive  classes,  but  more  particularly  within  the  consumption  of  the  labour- 
ing and  artisan  section  of  these.     Secondly,  that  of  such  commodities,  that  portion 
wmch  consists  of  finished  inanufactures,  though  tbei^:  price  may  in  the  first  instance 
be  rapidly  raised,  cannot  continue  long  in  advance  of  tne  general  level,  owiiiff  to  the 
facilities  available  for  rapidl)r  extending  the  supply ;  whereas,  should  the  production, 
from  over-estimation  of  the  increasing  requirements,  be  once  carried  to  excess,  their 
price,  in  consequence  of  the  difficulty  of  contracting  the  supply,  may  be  kept  for  some 
considerable  time  below  the  general  level.     Thirdly,  that  such  raw  products  as  fall 
within  the  consumption  of  the  classes  indicated,  not  being  susceptible  of  tbe  same 
rapid  extension  as  manulactures,  may  continue  for  some  time  in  advance  of  the  gene- 
ral movement,  and  that  among  raw  products  the  eflects  will  be  more  marked  in  those 
derived  from  the  animal  than  in  those  derived  from  tlie  vegetable  kingdom.     And, 
fourthly,  that  the  commodities  last  to  feel  the  effects  of  the  new  money,  and  whicb 
may  be  expected  to  rise  most  slowly  under  its  influence,  are  those  articles  of  finished 


Digitized  by  VjOOQ IC 


TBAN8AOTIOK8  O?  THfi  8EGTION8.  176 

maimfiictore  which  do  not  happen  to  fall  within  the  range  of  the  new  expenditure ; 
such  articles  heing  afibcted  only  hy  its  indirect  action,  that  is  to  say,  through  its  action 
upon  wages,  and  this  action  heiti?  in  their  case  obstructed  by  the  impediments  to  the 
contraction  of  supply.  Up  to  this  point,  Prof.  Cairnes  said,  he  found  his  conclusions 
cortoborated  bv  the  independent  investigations  of  an  eminent  French  economist,  M* 
Jievasseur,  There  was,  however,  another  principle  which  it  appeared  to  him  must 
exercise  a  powerful  influence  on  the  course  of  the  movement,  namely,  that  efficacy 
which  resides  in  the  currency  of  each  coun^  into  which  any  portion  of  the  new 
money  may  bp  received  for  determining  the  effect  of  this  infusion  on  the  range  of 
local  prices,  using  the  words  '* local  prices"  with  reference  to  commodities  in  the 
locality  in  which  they  are  produced,  not  to  that  in  which  they  are  sold.  According  to 
this  principle,  the  advance  followed  the  locality  in  which  the  commodity  was  produced. 
Thus  the  rise  in  price  had  been  most  rapid  in  commodities  produced  in  the  gold  coun- 
tries^ having  in  these  at  one  bound  reached  its  utmost  limit — that,  namely,  which  is 
set  by  the  cost  of  producing  gold.     After  the  commodities  produced  in  the  gold  re- 

fions,  the  advance,  he  conceived^  would  proceed  most  rapidly  ii^  the  productions  of 
Inc'land  and  the  United  States;  after  (hese^  at  no  great  interval,  in  the  productions 
of  tne  Continent  of  Europe ;  while  the  commodities  the  last  to  feel  the  effects  of  the 
new  money,  and  which  would  advance  most  slowly  under  its  influence,  were  the  pro- 
ductions of  India  and  China,  and,  be  might  add,  of  tropical  countries  generally,  so  ikr 
as  their  economic  conditions  correspond  with  tho^e  of  these  countries.  Prof.  Cairnes 
submitted  to  the  Section  some  statistical  tables  which  he  had  drawn  up,  with  a  view 
to  compare  the  conclusions  at  which  he  had  arrived  as  to  a  depreciation  of  tlie  pre- 
dous  nietals  under  the  action  of  an  increased  supply  with  the  actual  progress  of  prices 
up  to  the  present  time.  He  remarked  that,  considering  the  propitiousness  of  the 
seasons,  the  action  of  firee  trade«  the  absence  of  war,  the  contraction  of  credit,  and  the 
general  tendencies  to  a  reduction  of  cost  proceeding  from  the  progress  of  knowledge, 
were  there  no  other  cause  in  operation,  we  should  have  reason  to  Took  for  a  very  con- 
siderable fall  of  prices  at  the  present  time,  as  compared  with,  say  eight  or  ten  years 
ago.  Prices,  however,  had  very  decidedly  risen,  and  the  advance  had,  moreover, 
proceeded  in  conformity  with  the  principles  which  he  had  in  his  paper  endeavoured  to 
establish.  This  was  his  ground  for  asserting  that  the  depreciation  of  our  standard 
money  was  already,  under  the  action  of  new  gold,  an  accomplished  fact. 

Oh  ih»  Progrets  qfih^  Prinaiple  <^  Open  CkmipetUive  EgcaminqtUms. 
By  Edwin  Chadwick. 
-"  t  ■■   ■ 
On  the  Eegistry  of  Deeds  in  the  West  Riding.    By  J.  B.  Dibb. 

The  West-Riding  Eegistry,  he  stated,  was  established  on  the  29th  of  September, 
1704,  the  first  ol^ect  being  to  facilitate  the  borrowing  of  money  by  honest  trader^,  who 
found  it  difficult  to  give  sepurity  to  the  s^tisfactioii  of  the  qaouey-lisnders,  although 
the  aeoiirities  they  offered  wer^  really  good.  The  second  object  was,  to  rempdy  the 
evils  which  might  be  produced  by  secret  conveyances  pf  freehold  mroper^y,  by  means 
of  which  the  iU-disposed  had  it  in  their  power  to  commit  firaud.  That  registry  which 
the  law  thus  permitted  had,  for  a  long  series  of  years,  become  the  ordinary  practice ; 
and  it  would,  perhaps,  searcely  be  possible  at  this  time  to  find  a  freehold  estate  in  the 
West  Riding  which  is  not  affected  by  a  registered  docun^entv  Passing  by  1704  to  1710 
as  exceptional,  it  might  be  noted  that  while  the  yearly  average  of  the  registries  from 
1711  to  1720  was  only  838,  the  average  from  1791  to  1800  had  risen  to  2355;  and 
taking  the  average  fVom  1841  tp  1850,  it  rose  to  5138,  having  more  than  doqbled  itself 
in  the  first  half  of  this  century.  This  increase  of  transactions  in  landed  property  was 
nearly  in  proportion  to  the  increase  in  the  population  of  the  West  Riding,  which  was, 
in  1801,  573,168;  1811,662,875;  1821,809,363;  1831,984,609;  1841,1,163,580; 
1851,  1,325,495.  In  1851,  however,  the  gradual  increase  of  previous  years  was 
changed  for  a  much  more  rapid  rise ;  far  greater  in  proportion  tnan  the  increase  of 
the  population.  The  previous  year,  1 850,  had  shown  the  largest  number  of  deeds 
registered,  viz.  5950;  the  year  1851,  however,  reached  8009,  and,  in  1853,  the  largest 
number  of  all  was  attained,  viz.  9910.  I1iis  large  accession  of  transactions  in  rea) 
estate  at  this  period  arose,  Mr.  Dibb  stated,  from  the  fact  that  in  October  ]  850,  the 
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new  Stamp  Act  came  into  operation,  by  which  the  duties  payable  on  tfonveyaneet  and 
mortgages  were  very  largely  reduced.  Beginning  with  the  year  1843,  the  dperatknM 
of  building  societies  have  gradually  assumed  some  importance.  The  number  of  deeds 
registered  in  connexion  with  these  societies  had  risen  from  31  in  the  year  1843,  to 
637  in  1857,  the  largest  number  being  682  in  1855.  The  total  for  the  lost  fifteen  years 
was  4608.  A  system  of  registry  which  enabled  a  vendor  or  mortgagor  to  show  Teadily 
that  he  had  a  satisfactory  title,  and  which  secured  the  purchaser  or  mortgagee  agaiaiC 
secret  and  fraudulent  conveyances,  must  be  a  benefit,  provided  the  cost  of  its  atfaiD- 
ment  be  not  too  great.  The  distinctive  feature  of  the  West  Riding  Registry  was^  that 
while  anyone  might  search  and  inspect  its  records,  there  was,  nevertheless,  no  expo- 
sure of  private  anairs.  In  conclusion,  Mr.  Dibb  suggested  that  a  consideration  of  tlie 
statistics  of  the  West  Riding  Register  would  afibrd  many  very  useful  suggestions  to- 
wards the  establishment  of  a  general  register,  as  well  in  those  particulars  which  it 
might  be  desirable  to  adopt,  as  in  those  which  it  might  be  prudent  to  avoid. 

Mr.  Donnelly,  Registrar-General  of  Ireland,  gave  an  account  of  the  manner  In 
which  agricultural  statistics  are  collected  in  that  country.  About  4000  enumerators, 
selected  from  the  constabulary  force  for  their  intelligence,  were  employed  last  year. 
The  names  of  all  occupiers,  nearly  600,000,  are  obtained,  and,  so  far  as  could  be  ascer- 
tained, not  a  single  tenant  farmer,  however  small  his  holding,  refused  to  give  fiie 
required  information.  This  success  he  attributed  mainly  to  the  assistance  afforded  liy 
the  landed  proprietors^  magistracy,  and  clergy  of  all  denominations,  and  by  the  prees^  in 
removing  prejudices  against  these  inquiries ;  but  particularly  to  the  gratuitous  distri- 
bution, annually,  of  about  10,000  copies  of  '  General  Abstracts*/  which  show,  by 
counties^  the  number  of  live  stock,  ana  the  acreage  under  each  crop,  all  reference  to 
the  property  of  any  individual  being  carefully  avoided.  Tables  of  the  estimated  pro- 
duce  of  the  various  crops,  and  of  the  size  of  the  holdings,  in  nine  classes,  by  baronies^ 
and  Poor  Law  Unions,  are  also  subsequently  published,  so  that  these  statistics  are  be- 
coming more  perfect  each  year,  and  are  now  very  popular  in  Ireland. 

On  Public  Service,  Academic^  and  Teachers*  Examinaiians. 
By  Jambs  Heywood,  FM.S. 

English  public  service  examinations  are  of  two  kinds ;  comprising  a  special  adap- 
tation to  the  business  of  each  respective  office  in  the  case  of  candidates  nominated^ 
private  influence;  and  a  more  general  range  of  examination,  so  as  to  admit  candidates 
nrom  public  schools  or  the  ancient  universities,  in  the  case  of  competitive  examinations, 
without  nomination. 

For  the  civil  service  of  the  Government  at  home,  a  nomination  by  private  influence 
is  the  first  requisite ;  candidates  thus  obtain  a  place  on  the  list  for  examination  in  the 
department  to  which  they  desire  to  belong ;  tne  examinations  vary  according  to  the 
reauirements  of  the  different  offices  of  state,  and  are  frequently  qtecial. 

Under  the  Committee  of  Council  of  Education,  the  preliminary  examination  for 
clerkships  includes,  writing  from  dictation,  arithmetic,  bookkeeping,  the  pr^ds  and 
digest  of  forms  into  summaries,  making  fair  copies  from  rough  notes,  and  the  calcu« 
lation  of  per-centages. 

A  competitive  examination  follows,  which  comprises  English  composition,  geography, 
history,  mathematics,  and  natural  science. 

The  organization  of  competitive  examinations  for  the  Royal  Military  Academy, 
Woolwich,  was  carried  into  effect  with  the  aid  of  the  Right  Hon.  W.  Monsell,  M.P., 
Sir  Benjamin  Hawes,  and  the  Rev.  H.  Moseley.  Aee  in  the  candidates  u  limited  to 
between  seventeen  and  twenty  years;  a  certificate  of  good  character  is  required  from 
each  candidate,  and  an  inspection  by  military  surgeons  is  ordered,  to  prove  the  bodflv 
fitness  of  the  candidates  for  the  performance  of  miUtary  duties.  No  nomination  is 
requisite,  but  the  examination  is  conducted  on  the  basis  of  the  general  education  of 
the  country,  and  is  intended  to  admit  the  competition  of  candidates  educated  in  the 
public  schools,  so  that  candidates  for  the  Royal  Artillery  and  Royal  Engineers  may 
have  secured  the  acknowledged  advantages  of  the  training  of  these  schools,  which  are 
connected  quite  as  much  wiUi  the  large  open  play-grounds,  and  bold  athletic  games 

*  These  Abstracts  cost  One  Fenny  each. 
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6f  the  boyt,  at  with  the  tcholattic  system^  in  which  the  number  of  masters  does  not 
alwajs  suffice  for  the  complete  superintendence  of  daily  instruction. 

Of  the  thirty  young  men  who  were  selected  in  June  1857,  for  the  Woolwich  Aca* 
demy,  ten  had  been  educated  in  the  University  of  Dublin,  one  was  a  member  of 
Merton  College,  Oxford,  one  came  from  Rugby  School,  two  from  Marlborough  College, 
ooe  from  King's  College  School,  London,  one  from  Ipewich  School,  one  nom  Chelt- 
enham College,  one  from  Kensington  Proprietary  School,  one  from  Ciapham  Grammar 
School,  and  the  remaining  eleven  had  been  educated  privately. 

Candidates  for  the  Indian  civil  service  are  required  to  be  between  the  ages  of  eighteen 
and  twen^-tluree ;  and  a  medical  certificate  of  the  absence  of  any  physical  infirmity, 
with  a  satisfactory  testimonial  of  good  moral  character,  is  the  principal  introduction 
reauisite  to  admit  a  candidate  to  Uie  examination  for  entrance.  The  business  of  re- 
gulating the  examination  has  been  entrusted  to  the  Civil  Service  Commissioners,  the 
Right  Hon.  Sir  Edward  Ryan,  and  Sir  John  Shaw  Lefevre,  whose  central  oflice  is  at 
Dean's  Yard,  near  Westminster  Abbey ;  in  the  month  of  July,  in  the  present  year 
1858,  the  candidates  were  examined  in  the  laree  rooms  of  Buriiogton  House,  Piccadilly, 
London.  Sixty-five  candidates  were  arranged  in  order  of  merit  after  this  examination, 
of  whom  the  first  twenty  were  appointed  to  the  Indian  civil  service.  An  Irish  news- 
paper*writer,  on  looking  over  the  list,  noticed  at  once  that  the  largest  number  of  sue* 
oessfiil  candidates  had  come  firom  classical  Oxford,  nine  out  of  the  twenty  having  been 
Oxonians ;  six  successful  candidates  were  members  of  the  University  of  Dublin,  and  of 
these,  five  were  holders  of  classical  scholarships  in  Trinity  College*  Altogether,  of 
the  twenty  who  succeeded,  there  were  sixteen  classical  men  elected  to  the  Indiian 
civil  service. 

Two  memorials  have  been  recently  presented  to  the  Senate  of  the  University  of 
London,  firom  various  eminent  scientific  gentlemen,  requesting  that  degrees  in  science 
may  be  conferred  in  that  university.  A  committee  of  the  Senate,  consisting  of  the 
chuicellor  (Earl  Granville),  the  vice-chancellor  (Sir  John  Shaw  Lefevre),  Dr.  Amott, 
Mr.  Brande,  Sir  James  Clark,  Dr.  Furaday,  Mr.  Orote,  and  Mr.  Walker,  was  conse- 
^ently  appointed  to  consider  the  proprietv  of  establishing  a  degree  or  degrees  in 
acience,  and  the  conditions  on  which  such  degree  or  degrees  should  be  conferred. 

Many  of  the  memoralists  have  kindly  contributed  evidence  on  scientific  degrees  to 
the  committee,  and  the  preliminary  report  of  the  committee  recommends  the  consti- 
tution of  one  or  more  degrees  expressly  attesting  scientific  proficiency  and  eminence. 

A  considerable  number  of  training  colleges  for  the  education  of  schoolmasters  and 
ichoolmistiesses  have  been  established  under  the  Committee  of  Council  in  connexion 
with  di£ferent  religious  denominations,  and  to  these  institutions,  between  the  years 
1837  and  1857  inclusive,  the  Committee  of  Council  awarded  grants  amounting  alto- 
gether to  j£347,000. 

Many  of  the  English  Normal  Schools  are  connected  with  the  Church  of  England, 
but  the  plan  of  instruction  includes  a  variety  of  subjects  equally  valuable  and  inter- 
esting to  the  members  of  all  religious  denominations. 

The  training  institution  for  teachers,  in  connexion  with  the  British  and  Foreign 
School  Society  in  the  Borough  Road,  Southwark,  has  outgrown  the  accommodation 
afibrded  by  the  original  design.  Mr.  Bowstead,  in  his  report  on  this  institution,  dated 
January  1858,  observes,  that  "several  candidates  who  successfully  passed  the  recent 
examination  for  Queen 'sjcholanhips  have  been  unable  to  obtain  admittance.'' 


On  the  Importance  of  a  Colonial  Penny  Postage^  viewed  in  relation  to  the 
advancement  of  Science  and  Christian  Civilizaiion.    By  Mrs.  Wm.  Fison. 

Beneficial  influence  of  the  Penny  Pottage, — If  the  history  of  the  penny  postage  in 
this  country  were  investigated,  it  would  be  found  to  have  been  a  most  important  pro- 
moter of  scientific  progress,  of  education,  commerce,  religion,  and  the  principles  of 
good  government 

To  the  poorer  classes  its  benefits  have  been  incalculable  in  stimulating  them  to 
acauire  the  power  of  writing. 

When  the  penny  postage  was  first  riven  to  this  country,  many  were  the  fears  ex- 
pressed as  to  the  result,  none  of  which  have  been  realized ;  and  its  extension  to  the 
colonies  ii  now  advocated  on  grounds  of  high  importance. 

1858.  n 
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■  In  a  Teflgiows  and  moral  point  of  view,  the  beneiiU  of  a  eolonia}  pMiay  fMwtage  y 
be  inconceivably  great  to  our  fellow*counttymen  in  the  colonies.  It  must  be  reiBM* 
bcrcd  that  the  tide  of  emigration  is  rolling  on  at  a  rate  that  exceeds  every  ecrlwriastiral 
resource,  and  baffles  every  endeavour  adequately  to  influence  it  by  ordinary  mewM  rf 

evangelization.  ,  ,        ,,  .  ^ i    «« 

The  important  measure  now  advocated  would  prove  one  great  meansof  remedy  ttt 
these  evils.  It  would  penetrate  to  the  most  remote  districts  of  our  coloniea,  enterii^ 
the  scattered  dwellings  of  emigrants,  too  far  removed  perhaps  from  civilized  life  faf 
any  other  outward  medium  of  religious  and  intellectual  progress. 
•  Another  most  important  consideration  in  favour  of  a  colonial  penny  postage,  k  the 
influence  it  would  exercise  upon  emigration. 

From  the  increase  of  education  in  Great  Britain,  emigraUon  has  assumed  a  new 
feature  within  the  last  ten  or  twelve  years,  and  a  much  larger  proportion  of  the  eml- 
crrants  can  read  and  write. .  «  , .    .  -      , 

Nothing  is  more  needed  for  the  ftiU  development  of  this  important  means  of  colo- 
nization Mian  fVee  interchange  of  thought  between  those  who  have  emigrated  and 
friends  at  home.  .  ^     "  ,^.        , 

In  this  way  would  a  penny  postage  be  constantly  pounng  eorreet  and  unbiawed 
information  into  the  mother  country,  preventing  many  mistakes  made  hy  peraona  eoai^ 
grating  to  the  wrong  place  and  at  the  wrong  time,  thus  avoiding  much  misery  and 

Free  correspondence  would  form  a  cord  binding  the  colonies  to  the  mother  eoontiT 
in  ties  scarcely  possible  to  dissolve.  The  effect  of  distance  would  be  practically  anni- 
hilated, while  the  character  of  the  coloniste  would  continue  to  improve.  , 

In  the  prosecution  of  scientific  research  unrestricted  communication  between  men 
of  science  is  an  important  condition  of  progress.  Observers  at  meteorological,  na^- 
netic  or  astronomical  stations,  will  often  have  occasion  to  communicate  with  otfaen 
similarly  engaged,  and  it  is  much  to  be  desired  that  all  suck  intercourse  should  be 
promoted  by  every  possible  means. 

Nor  should  the  claims  of  commerce  be  forgotten  in  the  enumeration  of  the  eon* 
sideradons  which  favour  a  colonial  penny  po^age.  I-et  it  be  remembered  that  tlM 
benefits  of  free  trade  can  by  no  means  be  considered  aa  fiilly  enjoyed  while  there  is  any 
thing  like  a  heavy  charge  of  postage. 

It  would  be  difficult  duly  to  estimate  the  beiuring  a  penny  postage  to  Canada  woidd 
have  upon  our  Anglo-Saxon  brethren  in  America. 

Its  action  upon  the  United  States  would  be  immediate  and  powerful,  and  moat  pwh 
bably  would  quickly  induce  them  to  arrange  a  snnilar  rate  <rf  postage  to  Eng^d. 

Who  can  calculate  the  beneficial  results  to  the  human  race  of  such  an  inteieoana 
between  the  two  great  Protestant  nations  of  the  world,  both  spmnff  from  one  parent 
stock,  and  destined  probably  to  be  again  united  in  carrying  out  the  designs  of  an  over- 
ruling Providence  for  the  Christian  eiviUaation  of  the  world  ?  ' 


On  the  Catues  of  the  Fall  m  Price  of  Mtmufadured  Cottons. 
By  J.  Pope  Hknnessy,  MJP.^  of  the  Inner  Temple. 
The  author  commenced  by  observing  that,  apart  from  its  practical  importanea  to 
men  of  business,  the  accurate  determination  of  the  causes  which  regulate  the  nrice  of 
.  Ootton  is  a  subject  of  much  interest  to  the  student  of  political  economy*  On  that 
accurate  determination  must  to  a  great  extent  depend,  in  the  present  state  of  the 
science,  the  value  we  attach  to  the  arguments  of  the  modem  school  of  British  econo- 
mists with  reference  to  one  of  their  fundamental  principles.  Mr.  Stuart  Mill  r^ards 
the  principle  in  question  as  Uie  most  important  m  pditical  economy.  He  states  it 
thus :— 'Die  law  of  production  from  the  soil  is  a  law  of  diminishing  return  in  propow 
tion  to  the  increased  application  of  labour  and  capital ;  whilst  in  manufactures  the 
very  contrary  is  the  case.  Mr.  Nassau  Senior  is  still  more  explicit  He  says :— Ad- 
ditional labour  and  capital  when  employed  in  manufactures  are  more,  when  ea|- 
ployed  in  ^riculture  are  lets,  efficient  in  proportion.  At  a  former  meeting  of  the 
British  Association,  Mr.  Hennessy  pointed  out  that  this  principle  was  not  sound  in 
theory.    He  now  proceeded  to  deal  with  *^  great  practical  illustration— t^o  prica  ^ 
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cotton — ^wiA  wUoK  it  hadbeen  invariably  supnorted.  He  qqbt^  the  pvineipal  wri- 
ters of  the  modem  aohoo] ;  and  called  partioulav  attention  to  the  following  passage 
ftom  Mr.  Senior's  *  ElemenU  of  Political-Economy' : — '*  A  century  ago,"  says  Mr. 
Senior,  "  the  average  annual  import  of  cotton  wool  into  Great  Britain  was  about 
1,200,000  lbs.  The  amount  now  annually  manufactured  in  Great  Britain  exceeds 
!^,000,000  lbs.  But,  though  the  materials  now  manufactured  are  increased  at  least 
200  times,  it  is  obvious  that  the  labour  necessary  to  manufacture  them  has  not  in* 
creased  200  times.  The  whole  number  of  families  in  Great  Britain,  exclusively  of 
those  employed  in  agriculture,  amounted,  at  the  enumeration  in  1831,  to  2,453,041. 
If  we  sqppose  the  transport,  manufacture  and  sale  of  cotton  to  employ  about  one* 
eighth  or  them,  or  about  300,000  families,  it  is  a  large  allowance.  But  with  the  In- 
efficient machinery  in  use  a  century  ago,  the  annual  manufacture  of  1,200,000  lbs.  of 
cotton  could  not  have  requhred  the  annual  labour  of  less  than  10,000  ^miliee.  It 
probably  required  many  more.  The  result  has  been  that,  although  we  now  require 
200  times  as  much  of  die  raw  material  as  was  required  a  century  ago,  and  although 
that  additional  quantity  of  raw  material  is  probably  obtained  from  the  soil  by  more 
than  200  times  the  labour  that  was  necessary  to  obtain  the  smaller  quantity,  yet, 
ih  consequence  of  the  diminution  of  the  labour  necessary  to  manufacture  a  given 
amount,  the  price  of  the  manufactured  commodity  (a  price  which  exhibits  the  sum 
of  the  labour  necessary  both  for  obtaining  the  materials  and  working  them  up)  has 
constantly  diminished.  In  1786,  when  our  annual  import  was  about  20,000,000  lbs. 
of  cotton  wool,  the  price  of  the  yam  denominated  100  was  38^.  a  pound.  In  1792, 
when  the  import  amounted  to  34,000,000  lbs.,  the  price  of  the  same  yam  was  16#. 
the  pound.  In  1806,  when  the  import  amounted  to  60,000,000  lbs.,  the  price  of 
the  yam  had  fi&Uen  to  7«.  2d,  a  pound ;  and,  with  the  increased  quantity  manufao- 
turedy  it  has  now  (1845)  fallen  below  8«.  a  pound.  Every  increase  in  the  quan- 
tity manufactured  has  been  accompanied  by  improvements  in  machinery  and  en 
increased  division  of  labour,  and  their  effects  have  much  more  than  balanced  any 
increase  which  may  have  taken  place  in  the  proportionate  labour  necessary  to  pro- 
duce the  raw  material."  Mr.  Hennessy  remarked  that  any  one  acquainted  wUJi 
the  history  of  the  cotton  manu&cture  of  Great  Britain  would  at  once  see  a  fallacy 
which  somewhat  damages  Mr.  Senior's  illustration.  The  yam  No.  100,  though' 
it  had  the  same  denomination,  was  not  of  the  same  quality  from  1786  to  1845.  With 
the  increase  in  the  production  there  was  a  diminution  in  the  fineness  of  the  yarn* 
This 'appears  to  have  been  owing  to  popular  caprice,  and  not  to  any  defect  inherent 
in  the  process  of  manufacture.  The  people  did  hot  care  to  get  the  yarn  so  fin^,  and 
accordingly  it  was  not  so  expensively  manufactui'ed.  But  there  is  another  fallacy  b^ 
&ia  statement,  which  is  far  more  important.  During  all  the  periods  specified  by 
Mr.  Senior  there  was  a  continuous  fall,  instead  of  a  rise,  in  the  price  df  raw  cbttoq. 
The  extent  of  this  may  be  iudged  from  the  fact,  that  fV-oUi  1786,  when  19,475,020  lbs. 
vere  imported,  to  1845,  when  the  annualjimport  was  721,979,953  Iba.,  the  fall  in  the 
price  of  the  agricultural  product  was  over  9*33  per  cent.  From  1 806  to  1 845 — another 
of  the  perio£  selected  oy  Mr.  Senior — the  fall  in  the  price  of  the  raw  material  was 
4*78  per  cent  The  precise  nature  and  value  of  Mr.  Senior's  mistake  will  be  seen  by 
taking  a  particular  case,  and  going  somewhat  deeper  into  statistics  than  he  has  done. 
In  1812,  63,026,936  lbs.  of  raw  cotton  were  imported,  and  the  price  of  the  manufac-* 
tiired  yarn  No.  100  was  5».  2(L  a-pound.  In  1830,  when  the  annual  import  was 
263,961,452  lbs.,  the  price  of  the  same  sort  of  yam  was  3«.  4^4, — that  is,  there  was 
a  £U1  in  price  of  Is.  9\(L  According  to  Mr.  Senior,  this  was  owing  to  the  extension 
of  the  manufaoture-*an  extension  wmch  more  than  balanced,  he  savs,  the  rise  in  prica 
oonsequent  on  the  increased  production  of  the  raw  material.  A  table  in  Mr.  Baines'a 
work,  on  the  *  History  of  the  Cotton  Trade,'  shows  that  this  difierence  in  price  wa« 
made  up  of  two  items.  One  of  these  was  the  result  of  the  skill  consequent,  if  Mr. 
Senior  must  have  it  so,  on  the  increased  manufacture.  But  this,  instead  of  being 
more  than  ]#.  9|<i,  was  only  7id„  and  the  other  amounted  to  U.  2id.  Now  it  ap« 
pears  that  this  other  item,  70  per  cent,  of  the  reduced  price  of  the  manufactured 
goods,  was  solely  owing  to  the  reduction  in  the  price  of  the  raw  produce,  though  the 
amount  of  that  produce  had  increased  400  per  cent 
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On  same  cf  ike  Results  of  ike  Society  cf  Artt  BxammaHoms. 
By  John  Pope  Hbnnbssy,  M.P^  of  the  Inner  Temple^  Idmdtnu 

Statistics  of  an  interesting  and  useful  kind  have  at  rarious  timet  been  jmMfifcni 
with  reference  to  the  primary  education  of  the  working  classes.  Such  ■^^t^'^^T^ 
tables,  however,  referred  to  the  period  of  school  life ;  to  the  number  of  years  qwut  «t 
school  and  the  age  at  which  children  left  school.  The  results  of  the  Society  of  Aits' 
lamination  furnish  a  new  class  of  educational  facts.  They  deal  with  persoiis  wW 
have  left  the  school  for  the  workshop.  They  enable  us  to  estimate  the  relad^ 
effects  of  different  periods  of  school-life.  They  enable  us  to  estimate  the  efl&ct  wbkk 
early  removid  from  school  has  on  that  portion  of  the  working  population  with  wfaidi 
the  system  deals.  In  one  of  the  printed  forms  of  inquiry  which  each  '*^««^Tifaty  aa 
the  final  portion  of  the  late  examination  was  requested  to  fill  up,  the  followiog  oon- 
tions  were  asked:  "  How  many  years  were  you  at  school!"  <'  How  many  yean  liavs 
elapsed  since  you  left  school  ?  The  total  number  of  candidates  ezanuned  this  yev 
was  1107i  bu^  as  some  were  rejected  at  the  preliminary  examination,  aa  othen  ioA 
not  offer  themselres  for  the  final  examination,  and  as  some  of  the  forms,  as  ftr  as  the 
mere  educational  statistics  were  concerned,  were  imperfectly  filled,  not  more  than  310 
supplied  the  requisite  information.  I  have  to  thank  the  Council  of  the  Society  sf 
Arts  for  having  placed  at  my  disposal  all  the  documents  referring  to  the  exaraiamtioB. 
Neither  the  Council,  however,  nor  any  of  the  officers  of  the  Society  are  answeraUt 
either  for  the  statements  of  fact  or  die  expressions  of  opinion  which  this  paper  eoo- 
tains.  The  first  result  at  which  I  arrived  was  that  the  average  period  of  the  sehool 
life  of  the  candidates  was  under  that  usually  regarded  by  educationists  aa  the  nonnd 
and  necessary  period.  Some  of  Her  Majesty's  Inspectors  of  Schools  have  nsatilid 
that  the  normal  period  of  school  life  is  12  years.  Other  educationists  have  estimated 
this  period  at  nine  or  ten  years ;  that  being  in  fact  the  average  duration  of  school  hfe 
on  the  Continent, — ^in  Bavaria,  Holland,  Switzerland,  Sweden,  and  many  other  com- 
tries.  It  will  be  seen  firom  the  following  table  that  the  great  majority  of  the  candi- 
dates were  at  school  for  a  much  shorter  period. 


Under  1  year  at  school 13 

1  year  at  school 12 

2  years  at  school 1 1 


3 

4 
0 
6 
7 
8 


22 
32 
49 
47 
46 
40 


9  years  at  school., %\ 


10 
11 
12 
13 
14 


18 
I 
7 
0 

1 
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The  average  period  was  therefore  6*016  years,  or  less  than  6  years  and  6  days.  AI« 
though  this  period  is  much  less  than  that  which  we  are  told  should  be  the  minimua 
duration  of  school  life,  nevertheless  it  is  somewhat  over  the  average  in  this  country. 
Mr.  Horace  Mann  proves  that  the  average  school-time  of  all  the  children  in  England 
and  Wales  is,  as  nearly  as  possible,  5  years.  I  have  found,  contrary  to  a  common 
opinion,  that  in  this  apparently  too  short  period  much  benefit  is  acquired  by  the  pupils. 
Taking  all  the  candidates  who  only  attended  at  school  for  5  years,  4  years,  3  yean, 
2  years,  1  year,  or  less  than  one  year,  and  calling  them  Class  I. ;  and  taking  all  the 
candidates  who  attended  school  for  6,  7,  8,  9,  10,  11,  12,  and  14  years,  and  calling 
them  Class  II.,  I  find  that  129  candidates  belong  to  Class  I.,  and  that  181  candidates 
are  included  in  Class  II.  These  candidates  were  each  examined  in  a  certain  number 
of  subjects,  chosen  from  a  specified  list  of  25  different  branches  of  science  and  litera- 
ture. There  were  therefore  26  candidates  who  obtained  highest  places;  and  14  of 
these  25  were  awarded  first  prizes.  I  find  that  the  highest  places  m  fifteen  subjects 
were  obtained  by  the  candidates  in  Class  I. — that  is,  those  who  had  attended  sdiool 
only  5  years,  or  under,  carried  off  two-thirds  of  the  first  places.  Of  the  fourteen  first 
prizes,  eight  were  taken  by  candidates  in  the  first  class ;  and  only  six  were  left  for 
those  who  had  spent  six  years  or  more  at  school.  In  estimating  the  practical  vslne 
of  this  result,  it  is  necessary  to  remember  that  Class  I,  was  numerically  smaller  than 
Class  II. ;  the  two  classes  being  in  the  proportion  of  seven  to  ten.    It  therefore  ap- 
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pears  that,  in  proportion  to  the  number  of  candidates  in  each  class,  those  whose  ave* 
ragQ  period  of  scnool  life  was  only  3  years  7  months,  obtained  more  than  twice  as 
many  of  the  highest  places  as  those  whose  average  school  time  was  7  years  8  months. 
Although  this  result  is  a  fact,  and,  as  such,  is  probably  worth  volumes  of  speculations 
Qii  the  theoretical  aspect  of  the  question,  yet  I  do  not  think  it  can  justify  any  positive 
conclusion  of  much  value.  Should  it  bo  confirmed  by  the  experience  of  future  years, 
and  by  a  still  more  widelv-extended  inquiry,  it  may  become  a  question  whether  insti- 
tutional edncation*-to  which,  as  a  matter  of  course,  it  is  almost  altogether  owing — 
ought  not  to  be  regarded  as  a  system  of  popular  instruction  coming  as  fairly  within 
the  scope  of  Parliamentary  support  as  the  elementary  education  in  the  schools  under 
inspection.  Without,  however,  at  present  justifying  a  positive  conclusion  of  any 
^eat  importance,  it  indicates  the  necessity  of  extreme  caution  in  discussing  the  edu- 
•cation  question.  It  would  appear  to  show,  for  instance,  that  no  fair  analogy  exists 
between  the  school-period  of  a  country  like  England,  where  Mechanics'  Institutions 
are  established  in  every  town,  and  countries  like  most  of  those  on  the  Continent,  where 
such  institutions  are  not  to  be  found.  It  would  appear  to  show  that  youthful  labour 
and  early  intercourse  with  the  world  may  enlarge  the  inind  and  give  additional  force 
to  intellectual  exertion ;  and  it  would  even  appear  to  throw  a  doubt  over  all  schemes 
— whether  compulsory  enactments.or  prize  schemes — ^by  which  children  would  be  kept 
at  school  and  prevented  from  proceemng  to  work. 

The  average  duration  of  the  candidates'  school-life,  in  various  parts  of  the  country, 
is  exhibited  in  the  following  table.  In  the  districts  marked  with  an  asterisk  special 
prizes  were  awarded  to  Local  fioards  of  Examiners  and  Institutions,  in  addition  M> 
ihoee  given  to  the  candidates : — 


Name  of  District. 

Average  School-period. 

•Banbury 

5  years  9  months, 

6  „     9      „ 
4      „,  0       „ 

4  „     3      „ 
8      „    0       „ 
8      „    8      „ 

5  ,,     0       „ 
0      »     8       „ 

5  „  10      „ 
8      „    2       „ 

6  „     2      „ 

7  „     6      „ 

6  „    3       „ 
5      „    0      „ 
5      f>     8      „ 

8  ,1     6      „ 

4  „    3      „ 

7  „    8      „ 

5  ,1     6      „ 

4  „     6       „ 

8  »    6      „ 

5  „     8       „ 
7      „    3      „ 

Berkhamnstead 

Blackburn 

Bradford 

Brighton....... 

•Bristol 

Halifax 

Ipswich  .......•....•.••••.•...•.•••• 

♦Leeds 

Liverpool. ••..... ••... 

•Eastern  District  of  London 

Western  District  of  London  .... 
Louth .•..••....••.••.«••••••.. 

Macclesfield 

Manchester •...•••...... 

Oldham 

Selby 

•Shefiield 

Stockport 

Wakefield 

Wigan 

York 

Mineral  Produce  of  Yorkshire  in  1857. 
By  Robert  Hunt,  FJR.S.9  Keeper  ff  Mining  Reccrde. 

The  produce  of  the  lead  mines  had  been  12,405  tons  19  cwt.  of  lead  ore  and  7875 
tons  12  cwt.  of  lead,  being  an  increase  of  231  tons  12  cwt.  on  the  ore,  and  a  decrease 
on  the  quantity  of  lead'  produced  of  1110  tons  10  cwt,  as  compared  with  the  year 
1856,  proving  that  the  ores  raised  were  less  metalliferous  than  in  the  previous  year. 
Of  iron  ore  the  remarkable  district  of  the  North  Riding  yielded  1,414,155  tons  in  1857* 
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'Showing  an  increAse  of  916^736  tobs  as  compared  idth  the  preceding  yei^>  The 
quantity  of  clay  irooatone  raised  in  the  West  Riding*  as  far  as  retams  had  been  ob- 
ti^ed,  was  307,500  tons*  The  cold-blast  furnaces  of  the  West  Riding  appeared  to 
have  produced  63,000  tons  of  pig  iron.  The  total  produce  of  pig  iron  of  the  Wot 
Riding  was  estimated  at  117»000  tons;  the  North  Riding,  179,836  tons;  the  total 

'  produce  of  pig  iron  in  Yorkshire  being  296,838  tons,  against  275,600  tons  in  186€. 
The  production  of  coals  from  tbe  different  districts  of  the  West  Riding,  in  which  tiiefe 
are  8f4  collieries,  had  been  8,876,440  tons,  diowing  a  falling  off  of  868,18ft  tons  is 
compared  with  1866,  in  which  year  the  coal  production  of  the  West  Riding  amounted 
to  9>083,625  tons.  From  returns  received  from  102  quarries  in  Yorkshire,  produciflg 
stone  of  various  kinds,  the  value  of  the  stone  raised  in  1857  was  estimated  at  ji^l05,374. 
Adopting  the  market  value  of  the  metals  raised^  and  making  this  addition  to  the  som, 
the  following  would  represent  the  amount  added  to  our  national  wealth  last  year  by 
the  mining  and  metallurgical  industries  of  Yorkshire : — Lead,  £178,250 1  pig  iroa, 
£1,013,142;  iron  pyrites,  £1572$  coals,  £2,168,860;  stone,  £105,374  :  making  a 
total  of  £3,462,198. 

On  the  Warsied  Manu/adures  of  Yorkshire*    By  John  Jambs,  F.8JL* 

The  worsted  manufacture  was  originally  established  in  Yorkriiire  from  two  cann 
— Ist,  The  high  rate  of  wages  at  Norwich,  which  led  to  the  employment  of  the  wea- 
•  vers  of  the  AYest  Riding  in  producing  the  coarser  kinds  of  worsted,  such  as  shallooni, 
towards  the  close  of  the  seventeenth  century ;  2nd,  the  introduction  of  the  fectoiy 
system  at  Bradford,  about  the  year  1800,  when  it  was  neglected  by  the  manufiicturett 
of  Norwich,  whereby,  after  a  time,  one  by  one  of  its  staple  fabrics  was  transferred  Id 
the  North.  The  auwor  referred  to  tbe  care  with  which  the  worsted  manufacturers 
had  improved  their  machinery,  so  that  where  formerly  250  revolutions  of  the  cylinder 
a  minute  were  considered  a  fair  velocity  in  spinning  frames,  now  360  is  about  the  num- 
ber. Likewise  the  quantity  of  work  from  power-looms  is  very  much  greater  than 
some  time  ago,  being  now  160  to  180pick8  a  minute,  whereas  sixty  and  eighty  were 
not  long  since  the  ordinary  speed.  The  consequence  of  this  excellenoe  and  velodly 
of  machinery  had  resulted  in  the  production  of  worsted  pieces  of  good  quality  at  ex- 
ceedingly low  rates.  A  mighty  revolution  had  been  effected  in  the  worsted  industiy 
by  the  use  of  cotton  warps.  In  this  branch  (the  worsted)  there  have  been  four  grest 
epochs;  Ist^  the  original  use  of  spinning  machinery;  2nd,  the  application  of  the  power- 
loom  to  the  weaving  of  stu£i  about  1824 ;  Srd,  the  use  of  cotton  warps  in  1835 ;  and 
lastly,  the  combing  of  wool  by  machines.  Mr.  James  referred  at  lengm  to  the  changes 
that  had  been  effected  in  the  trade  by  the  use  of  cotton  warps.  He  noticed  the  de- 
fects in  the  designs  of  the  worsted  manufacturers,  and  their  tendency  to  pirate  those 
of  their  neighbours ;  and,  afler  piling  a  high  compliment  to  the  worsted  dyers,  and 
noticing  the  difficulties  they  had  surmounted  in  dyeing  goods  woven  of  cotton  and 
wool,  he  alluded  to  the  taste  for  alpaca  and  lustrous  stuffi,  and  the  great  demand  for 
the  bright  lustre  wools  of  Yorkshire,  Notts,  and  Lincolnshire.  He  proceeded  to  re- 
mark on  the  limited  supply  of  wool  and  the  competition  of  the  Belffians  and  French 
in  our  wool  markets,  whereby  the  price  and  supply  had  been  affected, -^but  the  quan- 
tity exported,  and  the  extra  consumption  of  our  manufacturers  would,  he  thought,  be 
more  tnan  dompensated  by  the  increased  import  from  our  Colonial  possessions,  whence 
the  supply  was  yearly  increasing.  Nor  did  he  fear  the  rivalry  of  the  Belgian  and 
French  manufacturers  in  the  markets  of  the  world,  for,  althoiugh  we  might  lose  them 
as  customers,  they  were  not  heavy  ones,  and  China  and  other  channels  would  be 
opened,  so  that  the  balance  would  stUl  be  in  our  favour.  I'hese  nations  were  iinport- 
ing  vast  quantities  of  spinning  and  weaving  machinery  from  the  best  makers  at  Brad- 
ford and  Keighley ;  but  with  all  their  efforts  it  would'be  long  before  they  could  com- 
pte  with  us  in  producinff  an  Orleans  or  Coburg  cloth  at  English  prices.  Yet  it 
behoved  us  to  be  watchful  lest  fVom  the  high  price  of  labour  in  England  they  tread 
too  closely  on  our  footsteps.  To  show  the  immense  importimce  of  the  Yorkshire 
manufacture,  be  mentioned  that  there  were  1,212,587  worsted  spindle%  consuming 
93,120,740  lbs.  of  wool,  or  about  93  per  cent,  of  that  consumed  m  the  whole  of  the 
worsted  manufacture  of  England.  These  Yorkshire  spindles  would  produce  year^ 
,  70|734,000  lbs.  of  worsted  yams  of  average  quality,  say  tliirty-sixas,  that  is  where 
thirty-six  hanks  make  the  lb.   The  number  of  persons  employed  in  tha.woMta4  £mIoi^ 
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•r  YorUiird  wore  78,994^  namely  26,750  males,  and  52,344  femtlefl.  Within  the  laH 
few  years  the  wonted  industry  had  attained  the  proud  position  of  heing  the  second  of 
(he  textile  manufactures  of  the  kingdom,  ranking  after  that  of  cotton ;  but  in  York- 
shire it  was  predominant  There  the  cotton  branch  was  insignificant,  and  that  of 
irooUen  only  employs  in  its  factories  42,982  persons.  In  the  worsted  trade  of  York<« 
shire  there  are  35,298  power-looms,  and  in  woollen  only  6275.  Mr.  James  objected 
to  any  estimate  which  would  raise  the  woollen  maimfacture  above  that  of  worsted  in 
value ;  and  claimed  for  Bradford  the  high  honour  of  being  the  metropolis  of  the  second 
manufacture  in  the  kingdom.  He  alluded  to  the  present  tendency  to  employ  adult 
labour  in  worsted  lactones.  Formerly  one-fourth  of  the  factory  hands  were  cmldren  ( 
now  the  proportion  is  one-eighth.  Notwithstanding  the  panic  of  last  year,  which 
caused  such  oisastrous  effects  in  the  worsted  districts  qf  the  North,  and  paralysed  its 
tntde,  it  had  wonderfully  recovered  from  the  shock,  and,  like  a  sick  man  who  in  n 
fever  had  thrown  off  Ills  morbific  humours,  now  appeared  to  be  in  a  sound  and  healthy 
atate.  He  estimated  the  whole  of  the  worsted  manufactures  of  England  to  be  of  the 
yearly  value  (inclusive  of  materials)  of  £18,000,000.  Of  this,  the  Yorkshire  portion 
la  at  least  j613,000,000,  made  up  thus : — 

Worsted  pieces  of  all  descriptions. , £10,000,000 

Yams — for  export,  and  for  the  Glasgow,  Manchester,  Nor- 
wich, and  otner  markets 3,000,000 

Mr.  James  spoke  highly  of  the  worsted  operatives,  whom  he  described  as  superior  in 
condition  to  those  in  any  other  manufacture,  whether  phvsically,  morally,  or  intellecr 
tually.  The  worsted  factory  ^Is  were,  he  thought,  much  superior  in  cleanliness  and 
appearance,  and  orderly  habits,  to  those  in  cotton  factories ;  he  remarked  on  the 
eteganoe  and  respectability  of  their  attire  on  Sundays,  and  concluded  by  expressing 
an  opinion  that  the  worsted  manufacture  was  destined  to  furnish  a  large  portion  of 
femaiie  dress  for  the  whole  of  the  civilised  globe,  suitable  alike  for  all  elimes,  whether 
c^ld  or  hot,  and  for  all  classes,  whether  grave  or  gay. 


On  the  Iron  Trade  of  Leeds. 
By  Jambii  KiT80K,>«m.)  of  Monk  Ridge  Iron  W&rksy  Leeds. 

The  iron  trade  of  Leeds  is  at  once  the  most  ancient  and  most  modem  of  the 
Immohes  of  industry  carried  on  in  the  borough;  the  most  ancient,  because  it  can  be 
-proved,  by  the  remains  of  the  soorisB  of  ancient  iron  works,  that  this  metal  was  mani»- 
netnred  here  hundreds  of  years  ago ;  the  most  modem,  aa  it  has  attained  its  present 
extent  within  the  last  thirty  years,  before  whieh  time  it  existed  on  a  very  limited 


Extensive  beds  of  scoriae  and  other  remains  have  been  found  at  Horsfi>rth,  withia 
the  borough,  and  near  to  the  old  Roman  town  at  Adel.  Four  branches  of  the  iron  trade    ' 
flotnrish  in  Leeds;  the  manu&cture  of— 1.  Iron;  2.  Cut  Nails;  8.  Textile  machinery 
and  machine  took  {  4.  Locomotive  engines  and  railway  plant  generally. 

!•  There  are  six  smelting  furnaces  manufacturing  iron  on  the  oold-blast  system,  for 
the  production  of  the  highest  qualities  of  Yorkshire  iron.  Four  were  in  blast  last 
year,  which  made  12,745  tons  A  pig  iron.  The  hands  employed  in  this  branch  are 
J2120.  The  average  amount  of  weekly  wages  £2540.  Total  wages  paid  during  1 857, 
£132,080.  Total  consumption  of  coaJs,  198,122  tons.  Total  production  of  malleaUe 
iron,  41,734  tons.  Average  price  of  pig  iron  sold,  £5  U, ;  total  annual  value,  £30,426. 
Aveiage  price  of  malleable  iron,  £15  4#.;  total  annual  value,  £634^356.  Capital 
Vested  in  plant,  buildings,  &c.  £348,500* 

The  average  price  of  the  malleable  iron  is  double  that  of  ordinary  Staffordshire 
.  iron^  which  is  a  sure  indication  of  the  esteem  in  which  it  is  held ;  it  is  used  prindpaliy 
•  for  the  highest  engineering  purposes. 

2.  Cnt  naik  are  manufoctured  extensively.  The  number  of  hands  employed  in 
this  branch  is  188*  Total  wages  paid  in  1857,  £6188.  Total  production  of  nails, 
3452  tons.  Average  price,  £14  13«.  Total  annual  value,  £50,575.  For  those  carious 
'  in  Bumbers,  it  has  been  calculated  that  about  seventy  millions  of  nails  are  cut  in  Leeds 
iffvecyweek* 
"3.  Fenton,  Murray  and  Co.  were  the'^  founders. of  Iha  mfichtna  tiada  in  LaeiU; 

Digitized  by  V^OOQ IC 


184  UPORT~18S8. 

ibey  commenced  in  1798,  and  constructed  engines  and  flax  maclnwnr  Ibr  fSb»  nSSk 
in  the  neighbourhood.  Machine  tools  for  engineers  and  others  are  also  eztco«vcfy 
manufactured  here.  The  number  of  hands  employed  in  the  trade  is  4578.  Avcii^a 
amount  of  weekly  waces^  £3961 .  Total  amount  paid  in  1857,  £205,972.  ToUl  coo- 
sumption  of  pig  iron  m  foundries,  13,924  tons.  Total  raloe  of  prodaeta,  £545,217. 
Capital  inrested  in  plant  and  buildings,  £346,475. 

4.  Stationary  ana  locomotive  engines,  wheels  and  axles,  railway  bridges,  9te^  ham 
been  largely  manufactured  here  of  late.  The  number  of  hands  employed  in  this  trade 
is  4023.  Average  amount  of  weekly  wages,  £4151.  Total  amount  paid  in  1857, 
£215,852.  Total  consumption  of  pig  iron  in  foundries,  12,862  tons.  Total  valoe  of 
products,  £672,600.  Capital  invested  in  plant,  buildings,  8rc.,  £283,500.  In  addi* 
tion  to  these,  we  hare  about  3000  miners  engaged  in  raising  iron-stone  and  coal  fiv 
iron  manufacturing  at  an  average  of  £1  per  head  per  week. 

The  totals  of  all  the  four  branches  are — ^hands  employed,  10,909.  Weekly  ' 
£10,771.  Paid  in  1857,  £560,092.  Value  of  products,  £1,933,174.  Ci^talin 
in  plant,  &c.  £990,975.  The  total  consumption  of  pig  iron  in  thelfofgea  and 
dries  of  the  district  is  about  75,000  tons  annually,  or  nearly  one-third  of  the  ai 
production  of  Great  Britain  only  fiffy  years  ago.  The  greater  portion  of  the  goods 
manufactured  b  exported  to  foreign  countries.  Leeds  iron  is  sent  to  all  quartets  and 
countries  of  the  elobe ;  with  Leeds  nails  the  emigrant  fastens  together  his  first  rode 
habitation ;  Leeds  machinery  is  spinning  and  Leeds  tools  are  working  in  every  m 
of  industry  on  the  Continent ;  ana  Leeds  locomotives  are  drawing  theur  bordens,  i 
different  whether  it  be  on  the  fertile  plains  of  India,  or  on  the  sides  of  the  anor 
Andes.  The  central  position  of  Leeds,  abundance  of  labour,  cheapness  of  ihel,  ladfi^ 
of  access  to  the  sources  of  the  raw  material,  and  eas^  transit  to  the  ports  on  the  east 
or  west  coast,  are  the  principal  causes  of  the  flourishing  state  of  tiie  iron  trade  in  tkis 
town.  A  branch  of  commerce  which  has  extended  so  rapidly,  and  fixed  so  laige  a 
capital  in  the  town,  must  contain  within  itself  sound  ana  permanent  elements,  and 
the  fact  that  nearly  one  million  sterling  is  actually  invested  so  as  to  be  practicaDy 
immoveable  is  a  guarantee  that  it  will  be  followed  with  continued  enei^. 


On  Free  Trade  in  Belgium.    By  M.  Corranadbr  Mjerbk,  ^  BrusseU^ 
Chairman  of  the  International  Free  Trade  Aeeociatian, 

In  Belrium,  tiie  Government  was  looking  forward  anxiously  to  the  reform  of  dM 
tariff,  and  a  new  law  had  been  proposed  to  reduce  the  duties  on  cotton  12  or  15  per 
cent  Thb  measure,  however,  would  meet  with  much  opposition ;  the  seven  meat- 
bers  for  Ghent  would  vote  against  any  change  in  the  present  duties  on  manafiwtnred 
cottons.  The  Belgian  tariff  had  in  several  instances  oeen  modified  in  a  liberal  pokit 
of  view.  The  French  Government,  according  to  M.  C.  Mseren,  seems  anxious  to  give 
a  liberal  turn  to  the  tariff;  but,  notwithstanding  their  strength,  the  present  rulers  of 
France  were  obliged  to  withdraw  their  liberal  intentions,  in  presence  of  the  poweiibl 
industrial  coalition  of  the  northern  departments  and  the  deplorable  ignorance  of  die 
principles  of  political  economy  throughout  the  whole  population.  The  writer  then 
stated  that  the  Belgian  Free  Trade  movement  was  progressing  satisftctoril^ ;  that  dl 
the  attention  of  its  advocates  was  directed  to  the  enli^itening  of  the  public  mind  on 
the  question ;  that  great  results  had  been  obtained  fuready ;  and  th^,  owing  to  the 
freedom  they  enjoyed,  they  confidently  hoped  for  full  success. 

Skeieh  of  the  History  of  Flax  JS^nning  in  Englandy  especially  as  devdopei 
in  the  Town  of  Leeds.  By  J.  G.  Marshall,  F.G.JS\ 
There  is,  perhaps,  no  branch  of  our  principal  manufactures,  except  that  of  eottoOf 
in  which  the  introduction  of  machinery  and  the  factory  system  has  produced  more  re- 
markable changes  than  in  that  of  flax  spinning;  and,  as  the  town  of  Leeds  is  the  phu» 
where  this  new  branch  of  industry  first  took  root  in  England,  and  was  snocesduDy 
carried  out  upon  a  considerable  scale,  and  the  place  which  has  hitherto  taken  the  lead 
in  the  successive  improvemento  introduced  into  the  trade,  it  may  be  interesting  to  tiie 
Section  to  have  a  short  sketch  of  the  origin  and  progress  of  flax  spinning  otonght 
before  them  whilst  they  are  here. 
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'  The  firal  etmy  in  flax  spinning  in  Leeds  was  made  at  a  small  mill  driven  by  water, 
called  Scotland  Mill,  about  four  miles  from  Leeds,  by  my  late  father,  John  Marshall, 
in  partnerdup  with  Samuel  Fenton  of  Leeds,  and  Ralph  Deariove  of  Knaresborough* 
This  was  in  1788  and  1789. 

The  wonderful  success  and  large  profits  attending  the  introduction  of  Arkwright's 
invention  into  cotton  spinning  had  about  this  time  attracted  general  attention  to  me- 
chanical improvements  applied  to  manufacturing  purposes.  The  spinning  of  flax  by 
machinery  was  a  thing  much  wished  fur  by  linen  manufacturers.  It  attracted  the 
attention,  amongst  others,  of  Mr.  Marshall,  who  was  so  strongly  impressed  with  the 
advantageous  field  for  invention  and  enterprise  ofiered  by  flax  spinning,  that  he  de- 
voted himself  entirely  to  the  new  enterprise. 

It  appears  that  some  attempts  at  flax  spinning  had  already  been  made  on  a  small 
scale  at  Darlington,  and  some  other  places,  as  the  first  spinning  machines  used  at 
Scotland  Mill  were  on  a  patent  plan  of  Kendrew  and  Co.  of  Darlineton.  This  did 
not  answer;  experiments  were  made,  and  a  natent  taken  out  for  a  plan  of  Matthew 
Murray's,  then  foreman  of  mechanics  with  Mr.  Marshall. 

In  179]  a  mill  was  built  in  Holbeck,  Leeds,  and  at  first  driven  by  one  of  Savery's 
steam  engines,  in  combination  with  a  water-wheel,  but  in  1792  one  of  Boulton  and 
Watt's  steam  engines  of  twenty* eight  horse  power  was  put  down.  In  1793  there  were 
900  spinning  spmdles  at  work.  We  may  take  this  small  item  as  our  first  statbtical 
datum  of  flax  ipinning  in  Leeds. 

I  mav  here  describe  an  important  difierence  between  the  state  in  which  the  raw 
material  flax  is  presented  to  the  spinner  and  that  in  which  cotton,  wool,  or  silk  ii 
found  previous  to  being  manufactured.  The  fibres  of  cotton,  wool,  and  silk  are  sup- 
plied by  nature  already  in  their  finest  state  of  subdivision ;  they  require  merely  to  be 
straightened  and  formed  into  a  continuous  thread.  In  raw  flax,  on  the  other  hand^ 
the  ultimate  fibres,  which  are  very  fine,  are  united  by  a  gummy  matter  into  broad  stripe 
M}T  ribands,  and  a  very  operose  process,  called  heckling,  is  required  to  subdivide  the 
material  into  finer  fibres  before  the  spinning  process  can  begin. 

In  the  eariier  stages  of  flax  spinning  this  preparatory  process  was  performed  entirely 
by  adult  men,  call^l  hecklers. 

As  soon  as  the  flax  spinning  bv  machinery  began  to  increase  considerably,  the  de- 
mand for  the  labour  of  the  hecklers  enabled  them  to  obtain  high  wages  (as  much  as 
two  guineas  a  week,  if  they  worked),  and,  as  thev  were  combined  in  Trades  Unions, 
and  enforced  the  old  limitations  on  the  number  of  apprentices,  they  became  possessed 
of  a  species  of  monopoly,  extremely  troublesome  and  prejudicial  to  the  progress  of 
the  trade.  In  fact  no  large  extension  or  well-organized  system  was  practicable  so 
lonj^  as  this  barrier  remained  on  the  threshold.  A  patent  for  a  heckling  machine  by 
which  this  process  could  be  performed  without  the  assistance  of  adult  labour  was  taken 
out  in  the  name  of  Matthew  Murray,  about  1805.  Its  introduction  was  resisted  at 
first  by  ^e  men  with  much  violence  and  intimidation,  but,  bemg  firmly  persevered  in, 
it  became  an  established  portion  of  the  system.  It  was  introduced  gradually  into 
seneral  use  in  the  trade,  and  had  the  effect  of  neutralizing  the  monopoly  of  the  hand 
hecklers,  without  any  sudden  displacement  of  labour. 

The  next  step  was  the  establisnment,  by  Mr.  Murray,  of  a  good  machine-making^ 
shop  for  flax  machines,  which  became  the  parent  or  precursor  of  many  others,  untu 
Leeds  became  the  seat  of  a  very  Important  branch  of  business  in  machine-makings 
chiefly  for  flax  spinning. 

The  system  of  flax  spinning  had  now  become  firmly  established  and  well-organiz6d» 
and  made  steady  progress ;  but  as  yet  was  only  applicable  to  the  production  of  the 
coarser  description  of  yams,  up  to  No.  16,  or  16  lea  yarn,  which  was  manufactured  at 
Barasley  into  the  coarser  description  of  linens.  The  materia]  employed  was  almost 
entirely  Baltic  flax. 

An  improvement  was  next  introduced  into  the  processes,  called  prenaring,  prece- 
ding the  actual  twisting  of  the  fibres  into  a  thread  m  the  spinning  machine ;  this  im- 
provement consisted  in  drawing  the  fibres  through  fine  heckles  or  gills  instead  of  roll- 
ers, thus  giving  the  means  of  producing  a  much  evener  and  finer  thread,  that  is 
up  to  40  or  50  leas,  and  for  these  yams  the  finer  flax  of  Flanders  and  Holland  began 
to  be  used.  This  was  about  tbe  year  1820,  when  the  finer  description  of  yam  came 
into  very  extensive  use  in  the  manufacture  of  the  finer  and  better  sorts  of  drills,- 
important  branch  of  the  Bamsley  linen  trade. 
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We  now  eome  to  the  introduction  of  a  Yeiy  important  improvement  iA  die  ipiii- 
hing  process  as  applied  to  flax.  I  have  adverted  to  the  gummy  matter  which  in  raw 
flax  unites  or  glues  together  the  fine  Ultimate  fibres  into  much  coarser  ones,  and  which 
it  is  the  object  of  the  nettling  process  to  subdivide  by  mechanical  means.  The  divi- 
sion so  efl^ted  can  only  be  imperfect ;  and  it  was  found  that  the  fibres  could  be  more 
completely  separated  by  saturating  the  material  with  water,  which  dissolves  or  tofteaa 
the  gummy  matter  in  the  spinning  machine  itseJf,  when  in  the  aetuai  process  of  being 
drawn  out  and  spun. 

There  is  a  somewhat  singular  history  attached  to  the  origin  and  progrees  of  this 
invention  of  wet  spinning.    During  the  great  war  between  England  and  the  first 
Napoleoni  it  became  a  leading  object  of  his  policy  to  exclude  English  manufiactiiFee, 
ana  to  encourage  those  of  France.    England  had  taken  a  decided  lead  in  the  eotton 
tnanu&cture,  but  at  that  time,  about  the  beginning  of  the  present  century,  little  hmi 
been  done  in  England  in  applying  machines  to  the  linen  trade.    The  linen  trade  ef 
France  has  always  been  a  very  important  branch  of  industiy,  linen  being  more  ex- 
tensively used  by  the  bulk  of  the  population  in  France  than  in  England.     Napoleon 
therefore  wished,  by  encouraging  the  application  of  machinerv  to  the  linen  trade  in 
France,  to  make  it  a  rival  to  the  cotton  trade  of  England.     He  offered  a  reward  of 
ia  million  firancs  for  the  successful  application  of  machinery  to  the  spinning  of  flnx. 
This  inducement  brought  forward  Oirard,  who  produced  designs  for  a  swies  of 
machines  for  preparing  and  spinning  flax  of  great  ingenuity  and  originali^,  ineku 
ding  this  plan  of  wet  spinning.     But  what  was  the  result  so  far  as  the  linen  trade  of 
France  was  concerned  ?    Girard  could  find  no  one  in  France  with  the  enterprise  nnd 
capital  requisite  to  perfect  and  apply  his  invention.   He  had  to  come  to  England, — he 
bad  to  come  to  the  town  of  Leeds.     A  patent  was  taken  out  for  his  inventions  in 
England,  especially  for  the  wet  spinning,  under  the  name  of  Hall,  in  1816,  and  waa 
taken  up  by  Robert  Busk  of  Leeds.     Mr.  Busk  put  up  a  considerable  quantity  of 
inachinery  on  this  plan,  and  produced  by  it  yam  much  finer  than  that  usually  ^nn* 
But  he  kept  the  new  plan  to  himself;  it  was  not  tried  by  others;  the  improvements 
hi  the  preparatory  processes  were  not  then  sufficiently  advanced  to  make  fine  spinning 
advantageous ;  the  plan  did  not  answer  commercially,  and  was  given  up  and  fot^tteo. 
In  1820,  nowever,  it  was  revived  in  the  shape  of  a  new  patent,  with  some  mo^fica- 
tions  by  Mr.  Kay  of  Manchester.    The  validitv  of  the  claim  to  a  new  patent  was 
tf  sputed  bv  the  body  of  flax  spinners,  and  finally  set  aside.    The  first  spinning  nm- 
chine  on  this  plan  was  put  up  at  the  works  of  Messrs.  Hives  and  Atkinson  of  Leeds, 
and  by  them  add  by  Messrs.  Marshall  chiefly  the  whole  plan  of  wet  spinning,  with 
the  requisite  improvements  in  the  preparing  processes,  was  soon  perfsctCMi  and  carried 
out. 

A  very  wide  hori2on  for  the  extension  of  flax  spinning  was  now  opened;  yams 
tould  now  be  spun  much  finer  than  before  (from  50  up  to  200  leas),  and  also  cheaper, 
to  as  effectually  to  exclude  hand-spun  yams  from  the  whole  range  of  linen  manunc- 
tures  except  those  of  the  finest  cambrics  and  lace.  For  a  time  lai^e  quantities  of  these 
Wet-spun  yams  were  sent  from  Leeds  and  Lancashire  to  the  nom  of  Ireland,  and  to 
France. 

But  the  new  mode  of  spinning  soon  spread  into  Scotland,  Irdand,  and  finally  into 
Prance,  where  it  is  now  carried  on  (under  the  stimulus  of  a  protective  tariff,  howew) 
ie  a  latge  extent. 

Thus  the  object  of  the  first  Napoleon  was  at  length  accomplished,  but  not  in  the 
•way  that  he  intended ;  the  result  was  a  benefit  to  France,  but  only  as  the  consequence 
of  a  still  greater  benefit  to  England.  The  present  Emperor  not  long  since  rewarded 
the  descendants  of  Girard  for  his  invention,  the  fruits  of  which  were  so  long  pest- 
"^Mmed. 

The  later  improvements  which  have  followed  the  wet  spinning  have  consisted  in 
^^  application  of  Uie  combing  machinery,  which  has  done  ao  much  ior  the  worsted 
manufacturer,  to  flax*tow,  so  that  a  material  capable  of  being  spun  to  the  finest  yaia 
"ban  be  obtained  from  what  is  otherwise  only  of  small  value;  and  various  processes 
liave  been  tried  for  cleansing  and  softening  the  raw  flax  previous  to  its  beinff  ^un^ 

The  manufacture  of  sewing  thread  from  flax  commenced  not  long  after  &e  intro- 
duction of  flax  spinning  by  machinery,  and  has  since  increased  and  been  a  brandi  of 
the' linen  trade  of  considerable  importance,  a  large  proportion  of  the  thread  waniAfr 
ture  being  carried  on  at  Leeds.  
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The  appliofttkift  o?  the  power-loom  to  the  weaving  Of  IinehB  has  of  ]ate  jean  been 
voneiderablt  on  the  increase,  but  to  a  much  less  extent  than  in  the  cotton  and  wor- 
sted manufactures,  as  the  greater  part  of  the  linens  made  in  the  United  Kingdom 
are  still  woren  bj  hand  labour. 

I  haire  thought  it  necessary  to  give  this  account  of  the  nature  of  the  successive  inif- 
provements  introduced  into  flax  spinning,  in  order  to  make  the  statistical  figures  I 
•hall  now  quote  more  intelligible. 

The  sources  from  whence  the  statistics  of  the  linen  and  flax  spinning  trades  may 
be  derived  are  somewhat  scanty,  but,  perhaps,  enough  may  be  stated  to  indicate  the 
progress  of  the  manufacture* 

Importo  of  Flax  into  the  United  Kingdom* 

Average  of  5  Tears.  Tons. 

1845  to  1849     68,879 

1850  „    1854     76,254 

Year  1855     64,672 

„     1856     84,352 


Average  of  5  Tears. 

Tons. 

1820  to  1824     .... 

...     27,875 

.  1825  „   1829     .... 

...     44,491 

1830  „    1834     .... 

...     48,044 

1835  „    1839     .... 

...     61,213 

1840  „    1844     .... 

..    67,718 

Previous  to  1820  the  import  of  flax  had  increased  but  slowly,  but  from  that  time 
we  see  that  the  increase  has  been  rapid,  having  more  than  trebled  between  that  date 
and  1866— or  from  27,875  to  84,352.  We  must  add  to  this  the  home  grewthi  whi^ 
is,  for  Ireland  about  22,000  tons  yearly,  on  the  average  of  the  last  ten  years;  for  £ng^ 
land  and  Scotland  a  small  quantity,  probably  not  exceeding  600  or  700  tons. 

On  the  whole  the  annual  consumption  of  flax  in  the  United  Kingdom  wiU  be-about 
100,000  tons,  which,  at  an  average  price  of  £50,  will  make  the  yearly  value  of  the  raw 
material  of  the  linen  manufactures  about  £5,000,000. 

From  a  Parliaroentarjr  Return  we  obtain  the  following  particulara  reapeoting  ihe 
flax  spinning  of  the  United  Kingdom. 

Flax  Spinning,  1850. 


1850. 

Facto- 
ries. 

Spindles. 

Power 
Looms. 

Horse 
Power. 

Hands. 

England  and  Wales  

Scotland*. 

135 

189 

69 

365,568 
303,125 
326,008 

1083 

2529 

58 

4487 
6425 
3380 

19,001 
28,312 
21,121 

Ireland  ...•t'^.. ..•*•.*••*.•■••.• 

1856. 
FlniHand  and*  Wales.;.'.....'.'. 

393. 

994,701 

3670 

14,292 

68,434 

139 
168 
110 

441,759 
278,304 
567,980 

1987- 

5011 

1871 

4644 
6346 
7332 

19>787 
81,722 
•8,763 

Scotland  ...";...;Tt-T 

Ireland ;;.;;•...•••••• 

1856. 
YoAshire 

417 

1,288,043 

8869 

18,882 

80,262 

ar 

9 

149,301 
65,346 

411 

... 

8772 

SDinninor  onlv».>... 

Spinning  and  Weaving 

1858. 
Leeds 

46 

214,547 

411 

11 

160,800 

610 

Here  we  see  that  the  increase  has  been  much  the  most  rapid  in  Ireland,  and  tha| 
in  Scotland  there  was  during  this  peiied-ft  emaU  diminution.    There  are  several  dr. 
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cnmstances  to  account  for  the  rapid  increase  in  flax  spinning  in  Ireland.  Tlie  Nottli 
of  Ireland  is  an  old-established  seat  of  the  linen  manufacturei  chie^  of  the  lighter 
fabrics  suited  for  the  export  markets,  and  especially  for  those  of  the  United  States  of 
America,  which  since  1846  have  so  largely  increased.  Again,  when  the  spinning  by 
machinery  was  introduced  into  the  Norui  of  Ireland,  all  the  other  branches  of  the  ma- 
nufacture were  already  established  there — the  weaving,  the  bleaching,  the  commemal 
establishments;  and  besides  this,  the  flax,  the  raw  material,  was  grown  at  their  own 
doors.  In  England  the  linens  manufactured  have  been  more  of  the  heavier  and 
higher  priced  description,  and  suited  more  for  the  home  market  than  for  export,  in 
Scotland  the  manufacture  has  consisted  chiefly  of  the  coarser  and  cheaper  description 
of  linens  and  of  yarns,  and  the  export  of  the  latter  has  been  materially  afiected  by 
the  high  protective  tariffs  of  the  Continent,  especially  of  France. 

Much  attention  has  of  late  been  attracted  to  the  object  of  encouraging  and  increa- 
sing the  home  growth  of  flax  in  England  and  Scotland ;  but  the  introduction  of  thti 
species  of  agricultural  produce  into  districts  where  it  is  entirely  new  is  attended  with 
many  difficiutiea,  and  but  little  has  yet  been  efiected  in  that  direction.  Many  attempts 
have  also  beeq  made  to  introduce  new  fibrous  materials  from  our  Colonies  and  foreign 
coimtries  for  use  in  the  linen  manufacture ;  and  the  new  material,  jute,  imported  fran 
India,  and  used  chiefly  in  Scotland,  has  been  of  valuable  service  to  the  manufacturer 
of  that  country.  I  may  now  draw  attention  to  the  following  Table,  showing  the  ex- 
ports of  the  linen  manufacture  of  the  United  Kingdom :— 


Tears. 

linen  Manuftctures. 
Entered  by  the  Yard. 

Thread,  Tapes 

and  small 

Wares. 

Linen  Yanu 

Yards. 

Value. 

lbs. 

Value. 

1831  to  1835 
1836  „  1840 
1841  „  1845 
1846  „  1850 
1850  „  1855 

65,571.770 
78,468,192 
84,682,490 
99,346,562 
125,226,539 

JB2,292,906 
2,901.296 
2,733,160 
2,957,491 
3,924,807 

X74,883 
97,723 
178,580 
249,801 
342,327 

1,297,603 
12,383,825 
25,465,785 
15,876,004 
20,307,571 

iS108,415 
637.121 

1,001,618 
726,425 

1,024,488 

We  see  from  this  Table  that  the  export  of  linens  has  nearly  doubled  in  quantity  and 
value  between  the  years  1831  and  1855.  The  export  of  thread  has  increased  moca 
than  fourfold.  The  export  of  yams  increased  with  very  great  rapidity  up  to  the  year 
1845,  since  which  time  it  has  been  nearly  statiouary,  being  checked  by  the  high  tuiffi 
on  the  Continent  before  spoken  of. 

The  next  Table  gives  a  comparative  view,  so  far  as  can  be  made  out  from  returns 
and  the  most  reliable  estimates,  of  the  total  extent  of  flax  spinning  in  foreign  countxiesy 
as  well  as  in  the  United  Kingdom,  in  the  year  1852  :— 

Spindles. 


England 391,568 

Scodand..  «. 295,125 

Ireland 456,000 


Russia 

Austria 

United  Stetes. 
Switzerland  • . 

HoUand 

Spain.  •• 


Spindlea. 

50,000 

30,000 

14,550 

8000 

6000 

6040 


United  Kingdom...  1,142,693 

France 350,000 

Belgium *.••      100,000 

Germany 80,000  1,713,283 

There  are  now  engaged  in  flax  spinning  at  Leeds  8772  persons. 
I  must  now  conclude  my  sketch  of  the  remarkable  rise  and  growth  of  flax  spinning 
in  England,  a  manufacture  of  which  the  town  of  Leeds  has  been  to  so  large  an  extent 
the  birth-place  and  centre  of  improvement,  and  which  has  since  spread  so  widely, 
not  only  over  the  three  divisions  of  the  United  Kingdom,  but  into  all  quarters  of  the 
world.  If  the  extension  of  flax  spinning  has  of  late  been  more  rapid  m  other  quar- 
ters than  in  the  town  of  Leeds,  we  must  accept  this  fact  as  being  at  once  a  wammg^ 
and  a  friendly  challenge  to  the  renewal  of  the  exertions  by  which  Leeds  was  distin- 
guished in  former  years. 
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On  PhOms  m  Oe  Army.  By  F.  G.  P.  Nbison,  F.S.S. 
tlie  Royal  Commission  appointed  to  inquire  into  the  sanitary  condition  of  the 
British  army,  the  state  of  the  hospitals,  &c.,  pablished  early  in  the  present  year  an 
elaborate  and  most  valuable  Report,  the  result  of  an  exceedingly  comprehensive 
amount  of  varied  and  diversified  evidence  taken  before  them.  As  is  already  well 
known  to  the  public  through  the  medium  of  the  press,  a  frightful  rate  of  mortality 
takes  place  in  the  ranks  of  the  army  while  stationed  in  the  United  Kingdom ;  but  I 
shall  here  seek  to  engage  your  attention  by  only  a  brief  recapitulation  of  the  general 
results. 

Abstract  A. 


Actual  number  of  deaths 
in  the 

Deaths  which  would  have  happened  according 
to  the  mortaUty  in 

England 

and 
Wales. 

Ont.door 
occupations. 

Laboorersin 
the  rural 
districts. 

No. 

Differ, 
percent. 

No. 

Differ, 
percent. 

No. 

Differ, 
percent. 

Household  Cavalry  ^     134 
Dragoon  Guards    \         i,^. 
and  Dragoons    /  *"     '^^ 
Foot  Guards             a     820 
Infantry  of  the  Lines  3823 

122 

512 

393 
1472 

101 

37*6 

108*6 
91*8 

95 

408 

314 
1208 

40*8 
72*7 

1611 
133-6 

75 

321 

246 
958 

77-9 

119-3 

233*3 
194*7 

These  figures  are  certainly  very  remarkable,  and  afibrd  a  succinct  view  of  the 
relation  in  which  the  different  results  stand  to  each  other. 

In  the  War-office  Report  itself  a  comparison  is  instituted  between  the  actual 
mortalitv  of  the  army  and  that  which  prevails  in  twenty-four  large  towns  of  England 
and  Wales ;  but  such  a  comparison  is  obviously  at  fault,  for,  as  I  have  elsewhere 
fully  shown,  the  gross  mortality,  not  only  of  the  whole  kingdom,  but  of  individual 
towns  and  districts,  is  greatly  increased  by  the  inclusion  of  die  destitute,  the  disso- 
lute, and  the  intemperate,  as  well  as  by  the  presence  of  many  persons  following 
occupations  and  tnuies  of  an  unusually  unhealthy  character.  Even  in  the  rural 
districts  of  this  country  it  will  be  seen,  on  referring  to  pp.  53-59  of  '  Contributions 
to  Vital  Statistics,'  that  the  mortality  of  the  sixteen  trades  referred  to  in  page  58  of 
that  work  is  greatiy  in  excess  of  the  residue  of  the  same  districts. 

The  military  are  certainly  free  from  the  noxious  influences  peculiar  to  many  trades 
and  occupations.  They  do  not  suffer  from  destitution,  nor  can  they  be  classed  as  a 
body  with  the  notoriously  intemperate.  Every  just  comparison  must,  therefore,  be 
made  with  some  such  classes  as  those  forming  the  two  last  sections  of  the  preceding 
abstract ;  but  if  the  comparison  be  made  with  the  general  mortality  of  England  and 
Wales  (for  the  male  sex),  it  will  be  found  that  the  infantry  of  the  line  are  subject 
to  an  increased  ratio  of  mortality  of  no  less  than  91*752  per  cent. 

If  the  out-door  occupations  be  made  the  standard  of  comparison,  per  cent. 

there  is  an  excess  amounting  to 133*620 

And  in  respect  to  labourers  in  the  rural  districts,  the  excess  is  no  less 

than 194*658 

being  nearly  three  times  the  rate  of  mortality  in  this  branch  of  the  service  that  is 
found  to  take  place  amongst  labourers  in  the  rural  districts  at  the  corresponding  ages. 
In  Appendix  LXXI.  of  the  Report  of  the  Commissioners,  as  well  as  in  the  body 
of  the  Rieport  itself,  it  is  shown  that  among  various  classes  exposed  to  severe  night 
duty  in  the  open  air,  such  as  the  Metropolitan  Police  Force,  and  the  railway  em- 
ployes, and  also  as  otiierwise  since  established  in  the  London  Fire  Brigade,  the  rate 
of  mortality  is  somewhat  less  than  that  for  the  country  generally  at  the  correspond- 
ing ages.  In  the  same  Appendix  it  is  also  conclusively  shown,  as  admitted  m  the 
Report  of  the  CommissionenH  that  the  high  rate  of  mortality  in  the  army  cannot  bo 
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accounted  fbr  by  th^  prevaleHoe  of  intemperanee.  It  ftirther  appmt  ik  the  same 
Appendix,  that  whatever  may  be  the  prioiary  cause  of  the  greatly  augmented  mer* 
tality  in  the  army,  the  immediate  cause  of  it  is  the  prevalence  of  consumption  to  a« 
extent  entirely  unprecedented,  and  quite  unknown  in  connexion  with  any  other  aeries 
of  observations  in  the  whole  range  of  vital  statistics ;  and  without  a  corresponding 
increase  from  other  causes,  taking  all  branches  of  the  army,  the  deaths  from  '^^^fm 
of  the  respiratory  organs  form  about  60  per  cent,  of  the  deaths  from  all  causes,  Tlie 
following  abstract,  however,  places  the  results  in  a  very  distinct  light : — 

Abstaact  B. 


Namb«r  of  Deaths  fipom  diMases  of  the 
respiratory  organs. 

England  and 
Wales. 

Actual. 

Difference 
percent. 

Household  Cavalry... 
Dragoon  Guards,  &c. . 

Infantry ,.. 

Foot  Guards 

62'870 
251112 
760-005 
203-660 

79 

400 

1641 

555 

+25-656 

+59-291 

+  115-902 

+  172-647 

Total 

l-277'547 

2675 

+  109-887 

The  Commissioners,  finding  that  the  enormous  mortality  from  consQaiptioB  was 
the  great  scourge  of  the  army,  and  that  it  was  impossible  to  account  for  its  peeva- 
lence  from  any  of  the  causes  already  described,  have,  as  most  readers  of  the  iieirs- 
paper  press  are  no  doubt  fully  aware,  attributed  it  maiQly  to  overcrowding  of  the 

In  my  examination  befon  the  Commission,  and  in  the  papers  submitted  hv  OMb 
and  forming  the  Appendix*  abeady  quoted  from,  the  effect  of  various  employmeots 
on  health,  the  influence  of  diflbrent  forms  of  physical  exercises,  and  the  t^^^nnifr  ia 
which  intemperate  and  irregular  habits  show  themselves  in  the  immediate  caose  of 
death,  are  very  ftilly  discussed.  None  of  the  questions,  however,  submitted  for  »v 
consideration  by  the  Commission,  involved,  I  regret  to  say,  the  consideration  of  the 
inflfience  of  overcrowding  or  bad  ventilation  on  the  development  of  diseases  of  tlie 
lungs,  or  I  should  have  been  glad  at  the  time  to  have  submitted  the  hypothe«a  fea 
whatever  statistical  tests  were  available.  Nor  has  any  other  witpe^s,  neriSe^g^ 
missioner s  themselves,  supplied  any  facts  or  numerical  evidence  leading  to  the  ppa-» 
elusion  at  which  they  have  arrived  in  their  Report,  that  overcrowdiag  in  iJl.eoqiH<' 
floned  barracks  is  the  main  cause  of  the  great  destruction  of  life  by  ioduclna  ohililfliA 
in  the  army.  '  «*bf»mmi«i 

From  the  deserved  importance  attached  by  the  public  to  the  deli^ratioa  of  Iha 
Commission,  it  is  in  every  way  most  necessary  that  such  means  m  aie  availabia 
should  be  employed  to  test  the  practical  value  of  the  empirical  opinions  on  which 
the  overcrowding  hypothesis  is  founded.  The  still  imperfect  returns  made  bv  tha 
Registrar-General,  however,  prevent  this  from  being  done  in  that  opmplet^  Wmv 
which  is  desirable,  but  they  contain  much  available  evidence,  which  can,  although 
only  by  a  considerable  amount  of  labour,  be  brought  to  bear  on  the  question. 

Having  devoted  the  necessary  time  for  that  purpose,  I  now  beg  to  submit  to  this 
Section  the  results  at  which  I  have  arrived. 

That  a  sufficiently  broad  basis  might  be  taken  on  which  to  found  or  establish  a 
reliable  test,  I  have  taken  the  returns  of  the  mortality  for  the  whole  of  Eaalaad  aAd 
Wales,  and  the  various  districts  thereof,  for  the  seven  years  1848-64, 

As  shown  in  details  in  Tables  L,  II.,  III.,  IV.,  V.,  and  VJ.  inclusive,  the  laor- 
tality  per  cent,  has  been  determined  for  the  different  terms  of  life,  and  for  die  varimia 
classes  of  diseases.  -■••'^ 

1st.  For  ibe  whole  oi  England  and  Wales. 

2nd.  For  London. 

3rd.  For  those  districts  of  the  kingdom  in  which  the  deasitw  of  popaktioa  var^- 
from  *26*-'f  2  per  Aeefor  (the  Aec(ar  equals  nearly  3^  ^CTM). 
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4th;  For  diBtncts  in  which  the  density  varies  from  <84— *9d* 

5th.  For  Lancashire  ('28  or  ^^th  acres) ;  and 

6th.  For  the  residue  of  the  population  of  England  and  Wales. 

If  it  be  troe  that  increasing  density  of  population,  particularly  in  the  sense  in 
which  it  is  understood  in  regard  to  barracks'  sleeping  accommodation,  has  a  tendency 
to  augment  diseases  of  the  lungs  more  than  all  other  diseases,  then  it  is  evident  that 
districts  in  which  the  sleeping  accommodation  differs  so  widely  must  show  a  marked- 
difference  in  the  ratio  of  deaths  taking  plape  from  phthisical  causes.  No  doubt  tho- 
results  of  the  influence  of  a  uniformly  and  generally  increased  density  of  population 
in  a  district  which  is  not,  in  any  considerable  portion  of  it,  highly  intensified  in  its 
overcrowding,  would  be  unfairly  compared  with  the  results  of  a  district  or  section  ^ 
population  which  is  throughout  overcrowded ;  but  in  London  or  Lancashire,  and  in 
the  third  district  of  England  now  under  consideration,  we  have  been  long  accustomed 
to  hear  reports  through  the  **  Health  of  Towns  Commission,"  of  great,  and,  in  many 
instantes,  of  migor  portions  of  them  being  overcrowded  to  a  degree  whidk  shocks 
morality  and  the  ordinary  notions  of  common  decency. 

Into  these  details  it  is  now  unnecessarv  to  enter ;  they  are  patent  to  all  giving 
attention  to  questions  affecting  the  public  health.  Although,  therefore,  there  is  no 
one  diatrict  of  the  kingdom  in  which  there  is  a  uniform  system  of  overcrowdfaig, 
still  there  are  many — and  among  them  those  now  under  review — in  which  the  over- 
crowding of  the  large  portions  of  them  is  such,  that  if  the  hypodiesis  be  of  any  value, 
there  must  be  at  the  least  a  slightly  augmented  ratio  of  death  from  consumption 
compared  with  the  general  ratio  of  increase  from  all  causes.  Let  us  see  how  far  this 
is  in  agreement  with  recorded  facts. 

It  must  be  clearly  understood  that  the  hypothesis  on  which  the  Commissioners 
rest  their  conclusions  is  not  simplv  that  overcrowding  may  induce  phthisis  in  an  in- 
creased ratio — that  would  probably  be  denied  by  no  one. 

In  the  army,  the  deaths  from  diseases  of  the  lungs  are  absolutely,  as  well  as  rela- 
tively, to  the  deaths  from  all  other  causes,  in  a  ratio  so  high,  beyond  all  precc^ieqt 
and  example,  as  to  form  a  new  and  important  problem  for  solution  in  vital  stati9tic$. 

The  hypothesis,  therefore,  of  the  Commissioners  resolves  itself  into  the  following  :-»- 
"That  'overcrowding,'  although  it  increases  the  general  mortality,  has  the  peculiar 
characteristic  of  intensifying  the  deaths  from  diseases  of  the  lungs  greatly  beyond 
^ose  from  all  other  causes.*' 

It  will  be  fbnnd  that  the  total  excess  of  deaths  above  the  average  for  England  and 
Wales  is  1981*57,  while  at  the  same  ages,  in  diseases  of  the  "  respiratory  organs*' 
onlv»  it  will  be  seen,  on  referring  to  Abstract  B.  preceding,  that  there  is  an  exce^y  of 
no  less  than  1397*45  deaths,  or  at  about  70  per  cent,  of  the  whole  increase. 

This  result  deserves  the  most  careful  and  patient  consideration.  According  to  the 
mortality  of  England  and  Wales,  the  normal  ratio  of  deaths  from  diseases  of  the 
"respiratory  organs"  is  44*48  per  cent.;  and  yet  of  the  whole  excess  of  deaths 
from  all  causes,  no  less  than  70  per  cent.,  as  appears  by  Abstract  B.,  is  dne  to  th^ 
organs  of  respiration. 

The  full  importance  of  this  result  will  be  perhaps  better  appreciated  by  the  fol- 
lowing illustration : — 

Actual  number  of  deaths  from  diseases  of  the  re- 
spiratory organs :=2676*0 

Normal  number  of  deaths =1277*6 

Difference  of  excess =  1397*4=109  per  cent. 

If  the  residue  of  the  deaths  fh>m  all  other  causes  whatever  be  viewed  in  this  maar 
ner,  the  results  are — 

Actual  number  of  deaths  from  all  other  causes.... =1807*0 
Normal  number  of  deaths b1211*8 

Difference  or  excess s  695*2=  49pereeBt. 

T)iesa  reaaks  condmsively  show  that  tbe  condition  of  tha  anasy  is  tofih  as  to  ipr 
dace  an  excess  of  diseaaes  of  the  o^rgSM  of  reapiratioD,  wiil  a  awcb  Ui^  mi/m9^ 
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than  all  otlier  diseases  collectiTely ;  in  fact,  tiie  excess  of  deaths  from  dbeicsofAe 
omns  of  respiration,  is  considerably  more  than  doable  that  from  all  other  causes. 

Ttiis  peculiar  featarc  in  the  mortality  of  the  army  has  not  been  observed  in  ssy 
other  series  of  observations,  and  it  is  of  the  utmost  importance  to  detenni&e  whstkcr 
the  solution  of  it  offered  by  the  Commissioners  be  the  correct  one. 

Should  Iheir  hypothesis  be  found  not  in  accordance  with  facts  and  experieaee. 
then  the  most  serious  consequences  must  result  from  it  to  the  sanitary  state  of  the 
army ;  as,  without  the  true  solution,  there  is  little  chance  of  effectual  remedies  being 
applied. 

In  Tables  I.  to  VI.  inclusive,  appended,  are  given  the  ratio  of  mortality  per  cent 
firom  all  specified  causes  at  the  different  terms  of  life ;  but  I  shall  now  refer  simply 
to  the  results  for  the  soldiers'  ages  as  given  in  the  following  abstract  of  the  tables. 

Abstract  C. 

Ratio  of  Deaths  from  each  Cause  to  the  total  Deaths  from  all  Causes  in  the 

following  Districts, 

(Soldiers'  Aqbs.) 


Group  of  diseases. 


England 

and 
Wales. 


London. 


Lanca-  Density 
shire.   •28-72. 


Density 
•84--99. 


LesfC 


Dense. 


1.  Phthisis 

2.  Residue   of  tubercular  "| 

diseases,  and  diseases  I 
of  the  respiratory  or-  [ 
g«w J 

3.  Zymotic  diseases  

4.  Diseases  of  the  nervous  1 

system  and  digestive  > 

organs  J 

5«  Sudden    and    external! 
causes  .....J 

6.  Other  diseases 

7.  All  causes 


37-0 
9-5 


35-2 
9-6 


36-0 
10-3 


35-4 
10-2 


36-2 
9-3 


437 
8-4 


46*6 
191 

12-6 

11-0 
10-8 


44*8 
22*6 

12-5 

8-2 
11-9 


46-3 
21*4 

12-6 

107 
9-1 


45*6 
20-3 

13-6 

10-9 
97 


45*4 
17-6 

13-3 

11-7 
12-0 


521 
11-6 

107 

15*3 
10-3 


■i 


1000 


100-0 


1000 


100*0 


100*0 


100-0 


A  careful  examination  of  the  results  given  in  thb  abstract,  leads  to  a  conclnsion 
quite  at  variance  with  the  hypothesis  of  the  Commissioners.  In  fact,  in  the  densest 
districts,  the  mortality  from  diseases  of  the  lungs  is  relatively  to  the  deaths  firom  all 
causes  much  less  than  in  the  more  thinly-peopled  districts. 

In  London  the  deaths  are 44*8  per  cent 

In  England  and  Wales 46*5        ,, 

And  in  the  residue  of  the  country,  after  deducting  the  di- 
stricts enumerated  in  Abstract  C 52*1        „ 

It  will  be  seen  that  the  effect  of  density  and  overcrowding  is  not  to  intensify  po}' 
inonary  disease  so  much  as  the  class  of  zymotic  diseases.  The  third  line  <n  this 
abstract  gives  a  striking  illustration  of  this ;  reading  from  the  last  column  toward  the 
first,  it  will  appear  that  the  relative  amount  of  zymotic  diseases  to  those  from  sll 
causes  increases  gradually,  and  almost  uniformly,  widi  the  ratio  of  density,  froo 
1 1*6  per  cent,  in  the  least  dense  districts  to  22*6  per  cent,  in  London,  the  most  closely- 
packed  district ;  the  results  for  England  and  Wales,  which  include  all  the  distridS/ 
being  of  course  intermediate.  The  diseases  of  the  nervous  system  and  digestive  or- 
gans exhibit  a  somewhat  remarkable  uniformity  throughout  all  the  groups. 

It  is  when  the  results  of  the  mortality  in  the  army  are  given  in  the  particular  form 
Df  expression  adopted  in  the  preceding  abstract,  that  they  appear  anomaloas,  tbe 
tiortality  from  diseases  of  the  lungs  bemg  among  the  most  fatal. 
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Hoti9ehold  Cavalry 59*0  of  the  whole  deaths. 

Dragoon  Guards,  6cc 53*9  do. 

Infantry  of  the  Line 57*3  do. 

Foot  Guards &!'7  do. 

These  results  are  very  singular,  and  will  appear  still  more  so  if  it  be  kept  in  view — 
throwing  out  of  comparison  the  Household  Cavalry,  a  very  small  body,  and  there- 
fore  subject  to  marked  fluctuations — that  as  the  general  mortality  increases  so  does 
the  ratio  of  deaths  from  diseases  of  the  lungs  increase.  If,  therefore,  overcrowding 
-were  the  main  cause  of  developing  so  inoidinate  an  amount  of  consumption,  the 
barrack  accommodation  for  the  different  branches  of  the  service  should  be  found  con- 
tracting in  the  order  in  which  the  general  mortality,  as  well  as  that  from  consump- 
tion, increases ;  but  it  happens  to  be  quite  otherwise.  A  careful  examination  of  the 
preoeding  facts,  it  is  believed,  does  anything  but  support  the  hypothesis  of  the  Com- 
missioners now  under  consideration. 

There  is,  however,  another  and  in  some  respects  a  more  simple,  and  in  unskilful 
hands  a  safer,  way  of  solving  this  question,  and  that  is,  instead  of  taking  the  ratio 
of  the  mortality  from  "  one  cause  '*  to  the  mortality  from  "  all  causes,''  to  deter- 
mine the  actual  rate  of  mortality  from  "  each  cause,"  and  I  have  accordingly  placed 
all  the  preceding  results  in  that  form.  The  detailed  Tables  hereto  appended  give  the 
results  for  various  terms  of  life ;  but  in  the  abstract  to  which  I  ask  the  attention  of 
the  Section,  reference  vnll  be  made  to  the  results  for  the  soldiers'  ages  only.  In  the 
preparation  of  the  following  abstract,  the  actual  mortality  per  cent,  at  the  given 
ages  was  in  the  first  place  determined,  and  then  the  differences  per  cent,  between 
these  results  and  the  corresponding  ones  for  England  and  Wales  were  found ;  and 
the  abstract  will  therefore  show,  for  each  cause  of  death  in  the  army,  whether  it  is 
in  greater  or  less  activity  than  in  the  country  generally. 

Abstract  D. 

Differences  between  the  Mortality  per  cent,  in  the  following  districts,  and  that  for 

England  and  Wales. 

(Soldiers'  Agbs.) 


Group  of  diseases. 

London. 

Lanca- 
shire. 

Denitty 
•28— -72. 

Density 
•84— -99. 

Least 
Dense. 

1.  Phthisis 

-hl4*0 
+  19-8 

+  19*6 
+  32*3 

+    4-8 
+  37*7 

-12^4 
-13-5 

-14*8 
-36*6 

2,  Residue  of  tubercular 
diseases  and  diseases  I 
of  the  respiratory  or-  [ 

ffftng    .,.,. ...,,,r 

3.  Zvmotic  diseases   ......■•. 

+  15-2 
+  41-7 

+  19*8 

-10*0 
+  32-1 

+  22'2 
+  38*0 

+  22-2 

+  20-9 
+    3*7 

+    7*5 
+  16*7 

+  16*7 

+  100 
-    1-8 

-12-6 
-17*2 

-  4*8 

-  3-6 

-  0-9 

-190 
-56*3 

-38-9 

+    9-1 
-31*2 

4.  Disease  of  the  nervous  1 

system  and  digestive  • 
organs  J 

5.  Sudden    and    external) 

causes / 

6.  Other  diseases  

7.  All  causes  .*.....••.... 

+  19*9 

+  23*1 

+    9*6 

-10-2 

-27*8 

In  viewing  the  preceding  abstract,  it  is  right  to  explain  that  the  results  in  the  first 
line  are  of  the  most  importance,  as  in  the  army  phtkiais  pulmonalU  constitutes  about 
80  per  cent,  of  the  deaths  from  diseases  of  the  lungs,  and  about  50  per  cent,  of  the 
deaths  from  all  causes.  This  being  explained,  the  results  in  Abstract  D  are,  as  bear- 
ing on  the  applicability  of  the  h3rpothesis  in  question  on  the  causes  of  the  mortality 
in  the  army,  even  more  remarkable  than  those  in  Abstract  C.  In  every  instance, 
except  one,  the  differences  between  the  mortality  per  cent,  in  the  respective  districts 
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from  phthiiis,  and  that  for  England  and  Wales,  are  less  than  the  dillbreaeeB  b^tweci 
the  mortality  from  all  causes,  showing  tiiat  death  from  phthisis  is  more  positi?e  in  its 
determination-4n  other  words,  less  subject  to  fluctuation,  and  less  aflected  bf 
external  causes,  than  the  o^er  diseases  in  the  aggregate. 

In  London,  the  densest  of  the  districts,  the  increase  beyond  that  of  the  constiy 
generally  from  deaUi  by  phthisis  is  14  per  cent.,  while  the  increase  firom  all  camcs 
IS  about  20  per  cent ;  out  in  the  least  dense  portion  of  the  kingdom,  aa  shown  in 
the  last  column  of  Abstract  D,  the  decrease  from  phthisis  is  precisely  14'8  ptf  cent, 
but  that  from  all  causes  27*8  per  cent.,  reversing  exactly  the  positions  held  by  these 
diseases  in  the  army,  as  already  pointed  out,  in  which  it  was  shown  that  the  desthi 
from  diseases  of  the  lungs  were  in  excess  of  the  normal  number  109  per  cent;  bot 
the  deaths  from  other  causes  were  in  excess  only  49  per  cent.  There  appears,  dteic- 
fore,  no  relation  between  the  hypothesis  advanced  by  the  Royal  Commission  tnd 
the  causes  of  the  actual  increase  of  mortality  which  has  taken  place.  If  the  greii 
havoc  made  in  the  ranks  of  the  British  army  while  at  home  had  been  occasumed 
through  deaths  from  zymotic  causes,  then  the  hypothesis  under  discussion  woaM,  if 
applied  to  that  class  of  diseases,  have  held  good,  and  the  conclusion  tliev  have  arrived 
at  might  have  been  suggestive  of  ulterior  proceedings,  beneficial  to  tne  brave  mea 
who  luive  to  fight  our  battles,  improving  to  ueir  moral  conditions  and  physical  power, 
thereby  enhancing  the  financial  resources  of  the  empire. 

The  results  in  the  third  line  of  Abstract  D  are  exactlv  confirmatory  of  those  ti 
Abstract  C,  showing  that  density  of  population  is  only  powerful  in  developi&g 
zymotic  diseases.  It  is  somewhat  remarkable  that  the  results  of  Uie  two  abstracts, 
in  which  the  mode  of  expressing  the  relation  of  the  facts  recorded  is  so  decidedly 
different,  should  agree  precisely,  showing,  in  Itoth  instances,  that  the  only  disesM 
which  follow  the  order  of  density  in  their  development  is  the  zymotic  class. 

If  in  Abstract  D  the  results  for  the  deaths  from  the  whole  class  of  diseases  of  tlie 
"  respiratory  organs  "  be  taken  into  consideration  instead  of  those  from  pktkuis  fd- 
m&fMUM,  only  the  same  reasoning  and  argument  will  be  found  to  apply,  the  deatfai 
from  consumption  being  always  more  constant,  less  affected  by  external  circam- 
stances,  and  shovring  less  disturbance  in  their  development  in  the  different  distncts 
than  the  remaining  diseases.  In  fact,  compare  in  any  considerable  portion  of  the 
population,  which  is  either  more  or  less  crowded  than  the  average  of  the  kingdoo, 
the  deaths  from  phthisis  and  diseases  of  the  respiratory  organs,  and  the  ratio  will  be 
found  always  subject  to  less  perturbation  than  the  residue  of  all  other  diseases. 

If  the  hypothesis  of  the  uommissioners  were  therefore  well-founded,  this  would 
not  be  so,  for  districts  in  which  there  was  a  large  amount  of  overcrovirding  would, 
when  compared  with  those  thinly  populated,  show,  to  a  lesser  or  greater  extent,  tbe 
welUmarked  peculiarity  of  the  mortality  in  the  army  of  intensifying  deaths  froB 
consumption  more  than  those  from  other  causes.  Tlie  present  investigation,  bow- 
ever,  shows  that  overcrowding  produces  the  very  opposite  effect,  and  that  destb 
from  consumption  are  increased  in  a  much  less  ratio  than  the  deaths  from  other 
causes. 

If  the  methods  followed  in  this  communication,  and  the  various  conclusions  thenoe 
deduced,  be  thoroughly  reliable,  then  it  is  obvious  that  many  of  the  recommendations 
made  by  the  Royal  Commission  on  the  sanitary  state  of  the  army,  however  valuable 
they  may  be  on  other  grounds,  will  not,  if  carried  out,  produce  the  intended  effect  of 
reducing  the  ratio  of  deaths  from  diseases  of  the  respiratory  organs  among  our  sol- 
diers to  the  normal  conditions  of  the  country  generally. 

It  was  proposed  to  discuss  in  this  paper  the  statistical  value  of  the  Commissioners' 
hypothesis  only,  and  not  to  enter  on  the  consideration  of  the  real  cause  of  the  high 
ratio  of  deaths  from  consumption  in  the  army.  Enough,  it  is  believed,  has  been 
already  adduced  in  Appendix  LXXI.  of  the  Report  to  indicate  the  chief  cause  of  not 
only  the  general  high  rate  of  mortality,  but  also  of  the  very  unprecedented  and  fright- 
ful destruction  of  life  by  diseases  of  the  lungs. 

On  the  History  of  Prices  of  1867  and  1858.    By  William  Nbwmarch. 

On  the  recent  History  of  ike  Credit  MobiUer.    By  William  Newmarch. 
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Oh  ike  Race  and  Langwxge  i^the  Gipsies. 
By  the  Rev.  T.  W.  Norwood,  F.G.S. 

The  Gipsies  are  said  to  have  been  first  seen  in  Europe  about  the  year  1417 ;  before 
which  time  their  history  is  involved  in  very  great  obscurity. 

A  wide-spread  and  persistent  tradition  amongst  themselves  declares  them  to  be 
Egyptians;  which  they  certainly  are  not,  however  that  denomination  arose,  and 
"whatever  credit  may  seem  due  to  its  very  general  circulation.  Many  attempts  have 
been  made  to  account  for  this  tradition,  but  without  any  success. 

They  arrived  in  England  some  time  in  the  end  of  the  fifteenth  centurv.  Polydore 
Virgil  seems  to  be  the  first  author  that  mentions  the  English  Gipsies :  he  speaks  of 
them  as  "Assyrians"  or  "Egyptians,"  in  terms  of  strong  reprobation.  Wherever 
tbcy  went,  they  early  made  themselves  detestable  by  their  vices  and  cunning ;  and 
consequently  they  have  been  persecuted  throughout  Europe  in  a  way  which  makes 
ns  wonder  that  they  were  not  all  exterminated.  It  remained  long  unknown  whence 
the  Gipsies  came,  and  to  what  race  of  men  they  ought  to  be  referred ;  but  it  was  at 
length  discovered  that  they  are  an  emigration  from  India,  by  researches  into  their 
strange  unwritten  language.  This  disclosure  is  due  to  the  scholars  of  Germany  i 
and  particularly  to  Grellman,  who  wrote  his  "  Dissertation  "  in  the  last  century. 
The  same  conclusion  might  have  been  suggested  from  considerations  of  figure,  feature, 
and  colour ;  but  the  best  criterion,  upon  the  whole,  that  we  have  at  present  in  suck 
questions,  is  the  internal  testimony  of  language.  Language  is  the  best  test  of  race« 
hitherto. 

Grellman  arrived  at  the  decision,  by  a  limited  comparison  of  "  Gipsy "  with 
''  Hindustani,"  that  at  least  twelve  Gipsy  words  out  of  every  thirty  were  Indian* 
"We  know  now,  after  a  wider  examination,  that  this  proportion  has  been  almost 
doubled ;  and  also  that  the  Indian  words  in  Gipsy  are  nearly  all  of  "  Sanskrit "  orisin. 
••  Gipsy"  is  now,  in  fact,  proved  to  be  a  dialect  of  "  Sanskrit,"  very  much  overlaid 
with  foreign  words,  such  as  a  wandering  nation  would  be  sure  to  adopt ;  and  also 
considerably  differing,  in  original  character,  from  any  other  known  dialect  of  the 
Sanskrit  speech. 

We  do  not  despair  of  finding,  in  the  East,  an  idiom  more  closely  allied  to  Gipsy 
than  any  with  which  we  are  yet  acquainted.  At  what  time,  or  from  what  motives* 
the  Gipsies  left  India,  no  one  has  been  able  to  determine. 

The  author  of  this  paper  read  to  the  Section  a  list  of  sixty  words  (out  of  a  large 
vocabulary  collected  orally  from  the  Gipsies  by  himself),  each  of  which  is  a  genuine 
Sanskrit  word,  and  common  at  the  present  day  to  the  Gipsy  and  Hindustani  dialecta 
of  that  language.  These  were  names  of  numeraU,  elementary  ideas^  and  famUar 
natural  obfects,  such  as  he  judged  likely  to  have  been  brougnt  from  the  original 
settlement  of  the  race. 

Doubtful  words  in  "Gipsy,"  not  yet  traced  to  any  language,  are  their  names  for 
coins,  articles  of  clothing,  and  things  connected  with  reUgiotu  worship.  A  list  of  these 
was  also  read.  They  may  have  been  changed  in  travel.  It  was  shown  that  Gipsy 
has  much  more  in  common  with  Greek  and  Latin  fespecially  with  Greek)  than  wita 
any  other  European  languages.  In  some  of  its  st^es  it  closely  resembles  the  very 
ancient  Islandic  and  Litiauanian  dialects.  It  has  great  facility,  like  Greek  and  Ger- 
man, for  coining  new  words  by  compounding  old  roots.  This  is  a  sign  and  proper^ 
of  very  ancient  languages.  Many  specimens  of  Gipsy  conversation,  orally  collectea« 
were  read,  with  their  exact  pronunciation,  to  the  Section.  "  Gipsy"  and  Gipsyism 
are  fast  declining  and  dying  out  in  England ;  meanwhile  we  remember  the  words  of 
Pr.  Johnson  speaking  on  the  whole  subject  of  language : — "  I  am  not  very  willing 
that  any  language  should  be  totally  extinguished.  The  similitude  and  derivation  oC 
languages  afford  the  most  indubitable  proof  of  the  traduction  of  nations,  and  the 
genealogy  of  mankind.  They  add  often  physical  certainty  to  historical  evidence  of 
ancient  migrations,  and  of  the  revolutions  of  ages  which  left  no  written  monuments 
behind  them."  

Noies  on  Indian  Fibres^  illustrated  by  prepared  Specimens^ 
By  J.  H.  Sadler.   {Communicated  by  Colonel  Sykbs.) 
Tlie  natives  of  India  were  at  an  early  period  acquainted  with  the  tat  oi  spinning 
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and  weavinff,  and  described  as  weaving  doth  made  of  fibres  from  trees  more  besnt^ 
than  from  sheep's  vrool ;  and  In  the  Institutes  of  Menu,  written  before  the  ChriitiaB 
era,  we  learn  that  the  sacrificial  thread  of  a  Brahmin  must  be  made  of  cotton ;  tfait 
of  a  Cshatriya,  of  Sana  thread  only ;  that  of  a  Vaisya,  of  woollen  thread.  It  is  np- 
posed,  that  the  Sana  thread  was  most  probably  that  of  the  Sunn  {Oroiaiaria  jtmem), 
buddha,  in  his  sermons  preached  600  years  before  Christy  interdicted  to  women  the 
use  of  certain  muslins  because  they  were  too  fine  for  decent  concealment. 

The  Ambaree  (Hibiscus  cannabinus),  or  Mesta  plant  of  Bengal  and  Palnngo  of 
Madras  and  Ambaree  of  Westeni  India,  is  very  generally  cultivated  all  over  In£s; 
It  grows  from  three  to  seven  feet  in  height,  the  stem  straight  and  simple ;  it  is  nsoslly 
OEdled  Indian  Hemp,  or  one  of  the  Brown  Hemps  of  Bombay. 

Bandikai  of  Madras,  and  Bendy  of  Bombay  (Hibiscus  longifolius),  grows  to  a  great 
height  and  very  straight,  with  a  few  branches,  and  with  pyramidal  pods,  which,  wbet 
young,  are  filled  with  a  larse  proportion  of  mucilage,  ana  are  gathered  and  cooked  as 
a  vegetable ;  the  fruit  is  also  used  to  thicken  soups,  and  the  seeds  added  like  barley 
to  it ;  they  may  be  also  roasted  as  a  substitute  for  coffee. 

The  Deckanee  Hemp,  Ambaree,  grows  with  a  straight  clear  stem  from  four  tosefcn 
feet  in  height ;  its  leaves  are  in  general  used  as  an  esculent  vegetable  by  the  natifcs, 
and  taste  something  like  sorrel. 

Rouselle  (//>6wctM  Sabdariffa)  is  cultivated  in  most  gardens,  because  its  calices  ss 
they  ripen  become  fleshy,  and  are  of  a  pleasant  acid  taste,  and  are  employed  for  making 
tarti,  as  well  as  an  excellent  jelly. 

Marool  of  Madras,  or  Bowstring  Hemp  (Sanseviera), — ^The  leaves  when  cultiratod 
are  from  three  to  four  feet  long ;  the  fiore  extends  their  whole  length ;  from  these 
fibres  the  ancient  Hindoos  made  a  very  tough  elastic  thread,  of  which  they  made  their 
bowstrings. 

The  Naroo  and  the  Naroo  T  fibres  being  both  new  ones,  no  description  is  yet  gireo, 
except  that  they  are  natives  of  Malabar. 

The  Bunochra  {Urena  lobata),  and  the  Kungio  (Urena  sinuala),  are  fitmi  two 
weeds  common  in  most  parts  of  India. 

The  Mudar,  or  Mudder,  is  met  with  in  both  the  southern  as  well  as  the  northen 
parts  of  India,  in  considerable  quantities  in  all  uncultivated  lands,  and  encroscfcei 
even  on  cultivated  grounds.  It  is  a  plant  with  broad,  fleshy,  glaucous-coloured  learei, 
and  which,  when  pierced,  gives  out  a  milky  iuice  from  every  part;  this  is  called  Al 
and  Mudar  in  northern,  and  Yercum  in  southern  India.  It  is  the  Asclemas  gigaxUs 
of  botanists.  Its  juice  and  the  powdered  bark  of  its  roots  are  employed  medicinsU/ 
by  the  natives  of  India  in  cases  of  leprosy  and  other  cutaneous  imTections ;  lately  it* 
milky  juice  has  been  collected  by  making  incisions  into  the  plant,  and  preparing  it  tf 
a  substitute  for  caoutchouc  and  gutta  percha. 

The  pods  of  the  Mudar  are  full  of  a  beautiful  glossy  silk  down,  which  the  nstir» 
spin  into  a  beautiful  soft  thread;  from  intimation  given,  tiiis  article  will  soon  come 
into  great  use  in  the  trade  of  this  town  (Leeds).  The  native  mode  of  separating  the 
fibres  of  the  Mudar  is  tedious,  rude,  and  injurious ;  notwithstanding  it  is  one  of  tlie 
strongest  fibres  known,  as,  from  experiments  made  by  Dr.  Wieht,  it  bore  552  lbs., 
when  Crotalaria  juncea  bore  only  404  lbs.,  and  a  small  cord  bore  3  cwt,  without 
showing  the  least  symptom  of  distress;  yet  by  the  samples  now  produced  it  certstnlr 
seems  better  adapted  for  purposes  of  flax  than  hemp ;  and  weft  will  it  be  for  both 
housewives  and  servants  if  ever  it  should  be  brought  into  general  domestic  use  instead 
of  flax,  for  common  washing  with  soap  and  water  will  bleach  the  fibre  a  perfect  white, 
beautiful  and  glossy. 

The  Bromelia  Ananas,  and  Bromelia  Pigna,  also  the  Karatto  fibres,  are  all  of  the 
different  ^alities  of  Bromeliacea,  or  the  pine-apple  tribe.  It  appears  the  pine*sppl^ 
was  first  mtroduced  into  India  by  the  Portuguese ;  it  has  now  become  so  naturalii^ 
as  to  appear  indieenous :  it  grows  in  enormous  quantities  in  various  parts  of  India; 
indeed  so  plentiful,  that  a  boat  load  of  the  fruit  has  been  sold  for  one  rupee,  or  two 
shillings,  at  Sincapoor  and  Malacca. 

The  Perida  foBtida,  or  the  Vegeteble  Silk:  there  can  be  no  doubt  but  tiist  th^ 
extraordinarily  beautiful  article  wiU  ere  long  enter  largely  into  every  description  of 
ladies'  apparel. 

The  Neilgheny  Nettle  (Urtica  heterophgUa),  or  the  Vegetable  Wool:  indeed  •» 
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greatly  does  this  wool  resemble  the  sheep's  wool,  as  to  deceive  some  of  the  best  judges 
in  England. 

The  fibre  is  long  in  staple,  and  by  the  two  sticks  now  shown,  and  which  were  hackled 
by  the  Messrs.  Marshalls  and  Messrs.  Hives  and  Atkinson,  proof  is  afforded  how  well  it 
is  adapted  for  flax-spinning  machinery ;  and  when  flax  spinners  shall  provide  warps  of 
this  material,  cotton  warps  might  be  dispensed  witli,  and  a  warp  of  great  strength  be 
introduced,  which  so  corresponds  with  all  the  essentials  of  real  wool,  that  when  mixed 
with  wool,  they  will  both  take  the  same  dyes,  mill  and  dress  together,  and  will  certainly 
manufacture  a  good  cloth. 

The  flax  of  India,  according  to  Dr,  Roxburgh,  is  mostly  cultivated  on  account  of 
its  seed,  and  the  part  which  in  moat  other  countries  is  most  valued,  is  there  thrown 
away.  The  Belfast  Chamber  of  Commerce  observes,  that  as  India  annually  exports 
nearly  100,000  quarters  of  seed  to  Great  Britain  and  Ireland,  it  has  been  calculated 
that  the  plants  producing  this  quantity  of  seed  would  yield  annually  at  least  12,000 
tons  of  fibre,  value  say  £500,000,  all  of  which  now  goes  to  waste.  There  can  be  no 
doubt,  therefore,  that  the  question  is  one  of  immense  importance  not  only  to  this 
country,  which  requires  such  immense  quantities  of  flax  hbre,  but  to  India,  which 
produces  such  enormous  supplies  of  seeds,  and  is  supposed  to  waste  so  much  of  valuable 
exportable  material.  Inhere  can  be  no  doubt  that  the  very  best  flax  may  be  produced 
in  India,  and  always  at  a  remunerating  price ;  for  labour  there  is  so  plentiful  and 
cheap,  that  whatever  may  be  the  extent  of  cultivation  entered  into,  there  need  be  no 
fear  of  being  undersold  by  any  nation  upon  earth.  It  has  been  said,  that  if  any  party 
In  India  could  supply  this  kingdom  with  100,000  tons  of  Indian  flax  at  this  time,  ho 
might  go  on  shipping  as  fast  as  he  could,  and  never  feel  the  least  fear  of  overstocking 
the  market.  Instructions  have  been  given  for  a  considerable  supply  of  four  of  the 
diflerent  India  fibres. 

The  silk  of  the  wild  silk-worm  ought  to  be  noticed,  as  the  fibre  or  thread  is  fifteen 
times  stronger  than  that  of  the  common  silk.  No  doubt  it  will  be  of  importance  to 
manufacturers  of  what  is  called  spun  silk,  as  by  proper  looking  after,  an  immense 
quantity,  now  completely  neglected,  might  be  collected  and  brought  to  be  of  great 
advantage  to  them. 

India  produces  some  200  varieties  of  fibres  for  examination,  and  it  is  to  be  hoped 
for  future  use  in  Europe.  The  India  House  Museum  contains  specimens,  not  only  of 
these,  but  of  every  article  of  raw  and  cultivated  produce  of  Inaia, — minerals,  gums, 
dyes,  woods,  and  cereals,  and  specimens  of  all  the  textile  fabrics  and  works  of  art  and 
taste :  the  whole  are  open  to  the  inspection  of  the  public,  and  manufacturers  can 
obtain  any  desired  information  upon  application. 

Mr.  Dickson  of  Leeds  has  a  case  of  prepared  Indian  fibres  in  the  Exhibition  of 
Local  Industry. 

For  elaborate,  complete,  and  instructive  papers  upon  India  fibres,  reference  may  be 
made  to  vol.  ii,  of  the  Transactions  of  the  Societv  of  Arts,  p.  366,  and  to  vol.  v.  p.  17, 
where  the  lamented  Dr.  Royle  will  be  found  to  have  nearly  exhausted  the  subject. 


An  Essay  on  DisHncHons  between  Money  and  Capital^  Interest  and  Discount^ 
Currency  and  Circulating  Medium^  essential  to  be  observed  in  the  Reform 
of  our  Monetary  Laws*    By  Hamer  Stamsfeld. 

The  author  sets  out  by  stating  that  his  ideas  are  not  ofiered  as  the  speculations  of 
a  profound  political  economist,  but  as  the  attempt  of  a  merchant  (retired  from  busi- 
ness on  the  ground  of  health)  to  account  for  monetary  convulsions,  and  to  find,  if 
possible,  some  means  of  mitigating  their  frequency  and  severity.  The  conclusions  at 
which  he  arrives  as  to  the  distinctions  between  money  and  capital,  and  between  in- 
terest and  discount,  are  thus  summed  up : — ^That  money  is  a  certificate  of  value,  and 
may  be  the  product  of  either  capital  or  credit.  That  capital  is  the  product  of  labour 
alone.  That  money  is  a  security  for  obtaining  and  transferring  at  all  times  its  equi- 
valent specified  value  in  capital  or  in  any  kind  of  wealth.  That  capital  is  that  portion 
of  wealth  which  is  used  in  reproduction,  and  is  the  object  of  transfer  through  the 
medium  of  money.  That  debts  are  contracted  in  money,  and  not  in  capital.  That 
interest  is,  in  a  great  degree,  a  charge  made  for  the  risk  of  lending  money  on  credit. 
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That  discount  is  the  allowance  made  for  paying  off  that  charge  fbr  credit  with  tmtj 
money. 

That  interest  may  be  given  either  at  a  remuneration  for  tlie  use  of  the  capital  tiiBi- 
ferred  by  the  money^  or  for  the  use  of  money  itself. 

That  discount  is  given  only  for  the  use  of  money  itself. 

That  the  rate  of  interest  depends  on  the  demand  and  supply  of  capital,  and  oa  the 
degree  of  risk  incurred. 

That  the  rate  of  discount  depends  on  the  supuly  and  demand  of  ready  money,  ssi 
and  on  the  degree  of  risk  incurred ;  and  as  in  tnis  country  provincial  bank  notes  sre 
convertible  on  demand  into  legal  fender  money,  the  rate  of  discount  here  fundsmsBt- 
ally  depends  at  present  on  the  demand  and  supply  of  legal  tender  money. 

To  the  question,  What  is  currency  ?  Uie  writer  replies,  '*  Coin  and  bank jiotes ;"  balke 
points  out  that  these  form  only  a  small  portion  of  the  great  wheel  of  circulating  medioBi, 
which  embraces  credit  and  every  thing  that  is  a  medium  for  circulating  value.  "  Ike 
amount  of  currency  in*circulation  in  the  wholesale  trade  is,  in  relation  to  the  aggrr* 
gate  of  circulating  medium,  but  as  a  drop  in  the  ocean  of  credit  on  which  it  is  carried." 
Hence  the  writer  asks,  **  Must  not  Uie  attempt  by  law  to  a4just  the  circulating  medimi 
and  prices,  by  regulating  the  amount  of  bank  notes,  be  as  futile  as  the  endeavovto 
regulate  the  ocean  and  its  tide  by  damming  up  the  streams?"  The  final  conchniQO 
at  which  Mr.  Stansfeld  arrives  is,  "  That  were  the  laws  of  nature  not  counteracted  by 
the  laws  of  man,  but  left  as  free  in  their  action  on  money  as  on  capital ;  and  were  the 
duty  of  the  legislature  confined  to  the  taking  care  of  the  quality  of  the  currency,  \ff 
ensuring  the  convertibility  of  the  bank  note,  leaving  the  quantitv  to  take  care  of  itself 
the  enormous  disproportion  between  the  amount  of  credit  liabilities  and  ready  numef 
would  be  diminished,  and  the  frequency  and  severity  of  monetary  panics  would  be 
mitigated,  if  not  entirely  averted." 

On  the  Sewing  Machine  in  Glasgow,  and  its  Effects  on  ProducHcmj  Prieeg^ 
and  Wages.    By  John  Strang,  LLJD. 

Dr.  Strang  mentioned  the  different  kinds  of  sewing  machines,  with  the  varioai 
improvemento  that  had  been  effected  in  those  implements.  The  coat  of  the  belt 
machines  now  in  use  varied  from  j£25  to  j^30  each,  and  some  were  produced  of  ta 
inferior  kind  in  America  so  low  as  iOs.  each,  llie  better  class  of  machines  now  ia 
use  were  calculated  to  make  ahnost  everything  formerJy  executed  by  the  needle  or 
even  awl,  and  it  was  affirmed  that  the  finer  or  more  difficult  the  work,  the  more  bcoefit 
from  the  machine.  One  of  the  latest  improved  machines  would  complete  a  thoonBil 
stitches  in  a  minute,  and  the  use  of  the  instrument  was  becoming  more  and  more 
general  throughout  the  great  manufacturing  marts  of  the  world.  The  importast 
question  then  arose,  had  the  introduction  of  sewing  nuidiines  intarfcied  wiu  hsad 
labour,  and  if  so,  to  what  extent  ?  Limiting  the  inquiry  to  Glasgow,  where  the 
introduction  of  sewing  machines  has  been  recent  and  their  adoption  rapid,  there  beiag 
at  present  about  900  at  work  in  that  city.  Dr.  Strang  stated  that  while  these  madiiBO 
had  greatiy  increased  the  power  and  facility  of  production,  and  coasequentiy  lowered 
the  price  of  the  manufactured  article,  they  had  only  displaced  the  most  unprofitsMe 
portion  of  hand  needle-work,  and  had  indeed  tended  rather  to  increase  than  to  dimiflieh 
the  wages  of  those  engaged  in  this  sphere  of  labour.  Among  other  instances  of  this 
he  stated  that  the  wages  of  a  handy  female  attending  each  machine  were  from  7*.  to 
lOs,  per  week,  whereas  a  mere  sempstress  could  scarcely  earn  half  tiiat  sooi,  and 
that,  too,  through  long  protracted  labour. 

Waier  St^fy  to  Oreat  Towns^its  Extent,  Cost,  Uses,  and  ABuset' 
By  John  Strang,  LL.D. 
Dr.  Strang  showed  by  an  elaborate  array  of  statistical  facte,  the  present  and  pij" 
jected  water  supply  of  some  of  the  leading  towns  of  the  Western  worid,  with  »J 
extent  and  cost  of  such  supply.  He  glanced  at  some  of  the  social  disadvantages,  sad 
even  evils,  which  have  arisen,  or  may  still  further  arise,  from  rendering  water  ti»  toj 
easy  agent  for  the  removal  of  impurities  which  should  be  transported  otherwiss»»» 
thus  converting  many  once  pellucid  streams^  upon  which  dtieft  aiv.  iMmds4f  ^ 
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deleterious  and  noxious  common  sewers,  detrimental  to  comfort  and  hostile  to  bcalthe 
The  amount  of  the  water  supplv>  and  its  cost,  for  the  several  cities  and  towns  h 
enumerated*  were  given  in  the  following  tabulated  form  : — 


, 

Population 

DaUy 

Cost  of 

DaUy 

Prospective 

Towns. 

within 
bounds  of 

Daily 
supply. 

supply  for 
each 

under^ 
taking. 

supply  for 
every  jS 

daily  in 

supply. 

inhabitant 

expended. 

addition. 

GaUons. 

Gallons. 

£ 

Gallons. 

Gallons. 

London    . . 

2,667,917 

81,025,842 

30-3 

7,102,823 

11-4 

Paris    .... 

1,100,000 

26,350,000 

24' 

800,000 

33- 

20,000,000 

Hamburg. . 

160,000 

5,000,000 

31-25 

170,000 

29-60 

•  • 

New  York 

713,000 

28,000,000 

39-27 

1,800,000 

15-5 

Manchester 

500,000 

11,000,000 

22- 

1,300,000 

8-5 

14,000,000 

Liverpool . . 

500,000 

11,000,000 

22- 

1,640,000 

7- 

Leeds   .... 

153,000 

1,850,000 

12- 

283,871 

7- 

Edinburgh 

215,000 

4,800,000 

22-3 

466,000 

10-5 

2,000,003 

Aberdeen . , 

65,000 

1,200,000 

18*4 

50,000 

24- 

Dundee. . . . 

96,000 

J, 750,000 

18-2 

139,000 

12-5 

•  • 

Greenock . . 

40,000 

2,112,500 

52-8 

90,000 

23-4 

•  • 

Paisley .... 

48,450 

1,021,452 

21- 

60,000 

17- 

Glasgow  .. 

420,000 

16,710,000 

89-8 

651,199 

26- 

20,000,000 

In  conclusion.  Dr.  Strang  stated,  that  from  the  statistical  figures  he  had  brought 
forward  the  following  results  might  be  drawn : — 

1st.  The  fact  of  a  present  prevailing  anxiety  for  an  abundant  and  pure  supply  of 
water,  irrespective  of  every  difficulty,  and  at  any  cost. 

2nd.  The  fact  of  a  growing  consumption  of  water  on  the  part  of  those  who  have 
had  it  at  command,  and  the  necessity  of  limiting  as  far  as  possible  the  quantity 
allowed  to  run  to  waste. 

3rd.  That  while  the  increasing  abundance  of  water  has  necessarily  added  to  the 
comfort  and  health  of  the  people,  by  enabling  them  to  have  baths  and  other  conve« 
niences  easily  and  cheaply,  it  has  at  the  same  time  tended  to  encourage  city  and 
bouse  impurities  being  improperly  carried  away,  and  that  too  in  a  manner  cal- 
culated rather  to  transfer  than  to  abolish  nuisances. 

4th.  That  an  abundance  of  water  brought  within  every  house,  without  doe  attention 
being  paid  to  the  carrying  off  to  a  distance,  or  otherwise  separating,  the  solid  sewage 
from  die  water  before  it  falls  into  any  stream,  is  a  serious  and  growing  evil  which 
onght  to  be  forthvrith  remedied,  particularly  on  the  part  of  those  towns  and  villages 
which  line  rivers  from  which  other  towns  are  deriving  their  supply  of  water. 

5th.  That  an  abundant  supply  of  water  is,  in  short,  a  limited  benefit;,  unless  pro- 
vision be  at  the  same  time  made  for  a  perfect  and  profitable  riddance  oi  the  increased 
sewage  which  it  invariably  creates. 

On  Sttbfects  connected  with  Crime  and  PunishntenL 
By  W.  M.  Tartt,  F.S.S. 

After  noticing  how  much  there  was  still  to  be  done  towards  carrying  into  eflect  the 
improvements  connected  with  our  criminal  legislation,  Mr.  Tartt  briefly  adverted  to 
the  anomalies  in  prison  discipline,  and  went  on  to  suggest  that  there  are  discre- 
pancies as  much  opposed  to  any  established  principle  in  some  of  our  preliminary 
proceedings.  He  took  as  one  of  his  examples  the  administration  of  the  Crimintd  Justice 
Act  qf  1855.  As  a  measure  of  economy,  it  was  allowed  that  it  had  been  eminently 
successful.  A  table  which  he  had  compiled  from  the  accounts  of  a  single  county, 
for  the  last  five  years,  gave  the  average  cost  of  trials  at  Quarter  Sessions,  at  £9  2«.  3d. 
each,  while  the  summary  convictions  under  the  Criminal  Justice  Act  had  only  cost 
£l  Z$.4d,  each  (for  the  whole  kingdom  they  were  £l  139.)  ;  and  the  saving  during 
two  years,  in  one  county  alone,  had  been  j£2S06,  But  he  dwelt  at  some  length 
upon  the  uncertainty  and  total  absence  of  classification,  with  which  the  different 
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periods  of  impriBonment  are  inflicted,  and  the  frequency  with  whidi  prerious  con- 
victions are  overlooked ;  and  though  high  authorities  have  seen  insuperable  difficul- 
ties in  the  way  of  establishing  any  fixed  rule,  he  insisted  upon  the  possibility  of  some 
better  system  being  devised.  At  present  it  is  a  lotiery  of  ptmUkments,  which  ongfat 
not  to  exist.  He  then  took  up  the  Juvenile  Offendere"  Acts.  For  the  administration 
of  these,  he  showed  that  we  have  the  guidance  of  principles  carefully  and  rationally 
defined  by  Mr.  Barwick  Baker  of  Hardwicke,  whose  experience  and  onwearied 
attention  to  the  subject  give  him  the  weight  of  authority.  The  course  Mr.  Baker 
proposes  is,  with  rare  exceptions,  to  inflict  for  a  first  offence  7  days'  imprisonment ; 
for  a  second  offence  14  days,  with  (invariably)  the  Reformatory.  Should  it  fail  in 
its  effect,  he  recommends  that,  on  a  relapse  into  crime,  the  offender  should  be  sent 
to  tJie  quarter  sessions,  where  he  may  be  sentenced  to  penal  servitude ;  and  for  this 
mode  of  treatment  satisfactory  reasons  are  adduced.  Yet  what  is  the  practice  ? 
The  terms  of  imprisonment,  coupled  with  a  sentence  to  reformatory  discipline  (which 
is  often  reserved  for  a  third  or  even  b  fourth  offence),  vary  from  a  week  up  to  the 
piaxmum  of  Uiree  months,yre9ttefi//y  without  any  perceptible  reaton;  juvenile  offenders 
are  dealt  with,  both  at  petty  sessions  and  at  the  police  courts,  as  though  the  Acts 
had  no  existence ;  and  when  reformatory  discipline  has  failed,  and  fresh  crimes  have 
been  committed,  instead  of  sending  the  offender  to  be  treated  as  Mr.  Baker  recom- 
mends, the  mischievous  system  of  repeated  short  imprisonments  is,  too  often,  again 
resorted  to.  In  proof  of  it,  several  examples  were  cited.  Returns  were  also  referred 
to  in  evidence  of  the  partial  manner  in  which  the  law  had  hitherto  been  carried  into 
effect  as  respects  the  contributions  to  be  levied  upon  parents  towards  the  support  of 
their  children  while  under  detention.  It  was  inferred  from  official  papers,  that  the 
number  of  parents  actually  contributing  was  not  a  third  of  those  who  might  be  com- 
pelled to  do  so. 

But  whatever  may  have  been  the  errors  committed  in  applying  the  law,  it  is  wiD- 
ingly  allowed  that  there  can  be  no  doubt  as  to  the  beneficial  effects  of  the  reformatory 
system  in  the  diminution  of  crime.  Mr.  Tartt  gave  sufficient  facts  to  prove  that,  out 
of  100  boys,  50  may  be  considered  as  reclaimed;  25  only  as  certainly  bad ;  and  the 
remainder  are  either  middling,  doubtful,  or  lost  sight  of.  As  regards  its  individual 
effects,  all  this  (he  observed)  is  very  satisfactory  ;  indeed  it  would  be  so  if  we  reduced 
our  estimate  of  the  successes  by  one  half;  and,  in  other  respects,  the  good  effects 
were  equally  shown.  When  it  was  the  practice  to  sentence  juvenile  offenders  to  two 
or  three  weeks'  imprisonment,  they  were,  on  the  expiration  of  their  terms,  usually 
met  or  welcomed  by  their  former  companions,  and  were  reconducted  to  the  haunts 
and  habits  from  which  they  would,  often,  have  been  willingly  freed.  The  conse- 
quence was  a  continued  course  of  petty  crime,  followed  by  punishments  repeated 
with  more  or  less  frequency,  according  to  the  degree  of  vigilance  in  the  police  or  of 
dexterity  in  the  criminal.  Since  it  has  been  permitted  to  send  them  to  a  reformatory, 
society  is  relieved  from  their  depredations  during  the  time  of  their  detention ;  the 
schools  and  associations  for  crime  are  broken  up ;  and  even  if  the  individual  is  not 
reclaimed,  he  is  generally  removed  from  the  scene  of  his  former  pursuits;  or  is 
relieved  by  employment,  either  at  home  or  abroad,  from  immediate  temptation.  That 
the  aggregate  of  crime  has  thus  been  lessened  there  cannot  be  a  doubt.  The  Judi- 
cial  Statistics,  prepared  at  the  Home  Office,  and  several  other  returns,  were  cited  in 
evidence.  In  connexion  with  his  subject,  Mr.  TartJt  referred  to  the  *  Report  on 
Criminal  Returns,'  which  he  presented  to  the  Section  at  last  year's  meeting.  The 
introduction  of  changes  (he  observed)  is  slowly  admitted,  partly  on  account  of  the 
difficulty  they  present  in  comparing  previous  with  succeeding  years,  and  partly  on 
account  of  the  official  arrangements  not  being  sufficiently  extensive  for  the  superiD« 
tendence  of  more  extensive  work ;  but  he  again  urged  the  adoption  of  two  of  the 
suggestions  contained  in  the  Report ;  one  of  them,  the  careful  distinction  between 
resident  and  non-resident  offenders ;  the  other,  the  establishment  of  something  similar 
to  the  Casiers  Judiciaires  in  France,  for  acquiring  better  knowledge  than  we  can  obtain 
at  present  of  a  criminal's  antecedents.  Whatever  tended  to  an  improved  knowledge 
and  classification  of  the  criminal,  would  assist  in  the  suppression  of  crime. 
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Brief  Beview  of  the  OperaHons  in  the  Bank  of  England  in  1857. 
By  R.  Valpy. 

On  the  ResuUs  of  Free  Trade.    By  H.  Walker. 


MECHANICAL  SCIENCE. 


On  the  Progress  of  Mechanical  Science,    Address  hy  the  President, 

In  opening  the  business  of  the  Section,  I  have  to  congratulate  you  upon  the  en- 
couraiging  prospects  which  our  meeting  in  this  great  mart  of  industry  is  calculated  to 
afford.  This  large  and  important  district  is  only  just  recovering  from  a  state  of 
intense  excitement  and  a  burst  of  loyalty  that  has  reverberated  from  one  extremity  of 
the  Riding  to  the  other.  In  these  rejoicings  I  have  naturally  taken  a  deep  interest, 
and,  now  that  the  royal  visit  is  over,  a  meeting  for  the  extension  of  science  and  use- 
ful art  is  probably  the  most  appropriate  conclusion  of  the  festivities  which  have 
occupied  the  attention  of  this  town  for  the  last  two  weeks. 

On  a  former  occasion,  when  I  had  the  honour  of  occupying  this  chair,  I  endeavoured 
to  combine  in  a  condensed  form  a  review  of  such  improvements  in  mechanical  science 
as  had  been  effected  during  the  successive  intervals  between  the  Annual  Meetings  of 
this  Association,  and,  conceiving  that  a  short  account  of  what  has  taken  place  during 
the  last  few  years  may  not  be  unacceptable,  I  have  on  this,  as  on  previous  occasions, 
ventured  to  direct  your  attention  to  a  succinctretrospect  of  what  I  consider  new  and 
valuable  in  mechanical  art. 

In  Mechanical  Science  and  General  Engineering  this  country  continues  to  main- 
tain its  high  position  in  new  developments  and  continued  progress,  and  the  almost 
innumerable  patents  weekly  taken  out  under  the  new  law  are  remarkable  indications 
of  the  activity  and  inventive  powers  of  this  country.  It  is  not  yet  thirty  years  since 
the  introduction  of  malleable  iron  as  a  material  for  ship-building  took  place,  and 
a  much  shorter  time  has  elapsed  since  it  was  first  applied  to  the  construction  of 
bridges.  We  have  all  of  us  heard  of  the  Tubular  system  so  successfully  applied  to 
the  bridges  across  the  Conway  and  Menai  Straits ;  now  it  is  extensively  employed  in 
every  quarter  of  the  globe,  and  there  is  no  span  within  the  limit  of  one  thousand  feet 
but  what  might  be  compassed  by  the  hollow  girder  bridge  with  security  and  effect. 
These  discoveries  are  of  immense  importance  to  mankind,  and  where  they  are  carried 
out  with  skill  and  a  strict  adherence  to  sound  principles  of  economy  and  science,  they 
give  to  the  engineer  of  the  present  day  a  power  which  in  former  times  it  was  impos* 
Bible  to  realize. 

Sttam  Naviffalion.-^ln  this  department  of  practical  science,  although  much  has 
been  done,  yet  much  remains  to  be  accomplished  in  giving  to  the  iron  ship  uniformity 
of  strength  and  security  of  construction.  With  respect  to  vessels  of  such  complex  form, 
bounded  by  such  a  variety  of  curved  surfaces,  we  are  yet  much  uninformed  as  to  the 
precise  points  of  application  of  the  material,  in  order  to  attain  the  maximum  of 
strength  combined  with  lightness  and  economy  in  the  distribution  of  the  material. 
These  are  data  yet  to  be  ascertained,  and  it  will  require  long  and  laborious  experimental 
researches  before  the  facts  are  clearly  known  and  established ;  much  has,  however, 
been  accomplished  in  the  absence  of  these  data,  and  I  may  safely  refer  to  that  noble 
structure  the  Leviathan,  which,  with  all  her  misfortunes,  is  nevertheless  a  most  mag- 
nificent specimen  of  naval  architecture.  The  Cellular  system,  so  judiciously  introduce 
by  Mr.  Brunei,  b  her  great  source  of  strength,  and  I  am  persuaded  that  she  will  stand 
the  test  (which  I  have  recommended  in  other  cases)  of  being  suspended  upon  the  two 
extreme  points  of  stem  and  stern  with  all  her  machinery  on  board;  or,  these  conditions 
being  reversed,  I  believe  she  may  be  poised  upon  a  point  in  the  middle  like  a  scale- 
beam,  without  fracture  or  injury  to  the  material  of  which  she  is  composed;  her  cellular 
construction  and  double  sheathing  round  the  hull,  and  the  same  formation  on  the 
upp^  deck,  give  to  the  vessel  enormous  power  of  resistance,  and  her  division  and 
anbdhrision  by  bulkheads  ensures  a  large  margin  of  oecority  in  whatever  circumstances 


Digitized  by  LaOOQlC 


909  BBPORT — 1868. 

she  may  be  placed.  In  fact,  the  may  be  considered  aa  a  lai^ge  hollow  girder  requiiisg 
a  load  of  nearly  10,000  tons  suspended  from  the  centre  to  break  her.  I  mention  this 
to  show  that  her  want  of  success  is  not  due  to  any  fault  in  the  ship  herself,  but  to  the 
maguitude  of  the  speculation  as  a  commercial  transaction,  and  her  unmanageable 
character  in  regard  to  the  shipment  of  cargo,  and  similar  difficulties  which  she  may 
be  called  upon  to  encounter.  I  hope,  however,  that  the  necessary  funds  will  be 
forthcoming  to  complete  her  equipment,  and  that  we  shall  yet  see  her  dashing  aside 
the  surge  of  the  Atlantic  at  a  speed  of  18  to  20  knots  an  hour. 

Railways, — The  magnitude  of  this  great  Republic  (as  it  is  called)  of  specolatioii 
and  industry  is  scarcely,  if  ever,  appreciated  by  the  public.  We  look  at  the  locomotive 
of  the  present  day,  or  glide  by  its  means  over  the  surface  of  the  earth,  without  once 
thinking  of  the  amount  of  skill  and  capital  expended  in  the  production  of  such  vast 
and  important  results.  At  the  present  moment  we  learn,  from  returns  recently  pab- 
lished^  that  we  have  in  this  country  alone  9500  miles  of  railway*  executed  and  in 
actual  operation,  and  taking  at  a  rough  calculation  one  locomotive  engine  with  a 
fbrce  of  300  horses'  power  to  every  three  miles  of  railway,  and  assuming  eadi  to  run 
190  miles  a  day,  we  thence  calculate  the  distance  travelled  o^*e^  by  railway  trains  to 
be  equal  to  380,000  miles  per  diem,  or  the  enormous  distance  of  138  millions  of  milei 
per  annum,  a  space  measuring  the  distance  of  the  planets,  and  beyond  the  conception 
of  those  unacquainted  with  the  measurements  of  the  astronomer.  To  transport  en* 
ginee  and  trains  this  distance,  requires  a  force  equivalent  to  that  of  upwards  of  200,000 
horses  in  constant  operation  throughout  the  year. 

As  regards  the  commercial  value  of  railways,  it  will  not  be  necessary  to  enlarge 
Upon  it  m  this  place  $  suffice  it  to  observe,  that  a  clear  revenue  of  12  millions  is  vSn 
after  all  expenses  are  paid,  for  distribution  amongst  shareholders  and  creditors.  This 
amounts  to  3f  per  cent,  per  annum,  a  small  return  upon  320  millions*  the  original 
cost  of  9500  miles  of  railway,  or  an  average  of  <^34,000  per  mile. 

In  the  locomotive  engine  there  has  been  no  improvement  of  importance  during  the 
last  two  years,  excepting  only  its  adaptation  to  the  burning  of  cobX  instead  of  coke 
without  the  production  of  smoke ;  to  a  certain  extent  this  has  been  successfully  accom* 
plished,  but  the  process  is  still  far  from  perfect.  Superior  training  is  wanted  for 
engineers  and  stokers  before  we  can  look  forward  with  certainty  to  the  time  what 
the  use  of  coal  will  become  general,  with  increased  economy  and  with  the  suppression 
of  the  nuisance  of  smoke. 

In  the  formation  of  the  permanent  way  considerable  improvements  have  been 
effected,  especially  in  the  joining  of  the  rails  by  what  is  technically  termed  the  fidi 
joint,  which  secures  a  more  perfect  union  of  the  rails,  produces  a  smoother  surface, 
and  diminishes  the  wear  and  tear  of  the  rolling  stock,  when  compared  with  the  old 
system  of  joining  so  sensibly  felt  in  carriages  running  over  the  line  at  great  velo* 
cities. 

Man^factures,^~For  the  last  twelve  months  great  depression  has  existed  in  thia 
department  of  the  national  industry,  and,  notwithstanding  the  attempts  to  dieapen 
the  production  of  the  staple  articles  of  manufacture  by  the  introduction  of  imprcmd 
machinery,  there  exists  a  considerable  depression  in  many  of  the  great  marts  of 
industry.  This  is  probably  to  be  attributed  to  the  disturbed  state  of  India  and  China  ; 
but,  looking  at  tiie  activity  of  the  manufacturing  population*  and  the  amount  of 
capital  employed,  there  has  been  no  serious  diminution  in  the  production  of  maan* 
fkctured  articles,  nor  any  stagnation  in  the  demand  for  labour*  On  the  contrary,  I 
believe,  with  the  exception  of  the  causes  just  alluded  to,  that  the  manufacturoa  of 
this  country  generally  were  never  in  a  more  flourishing  condition. 

In  the  iron  trade,  with  which  this  Section  is  more  immediately  connected,  there  has 
been  a  similar  but  slight  depression,  the  manufiicture  of  pig,  plates  and  bars  betng 
as  mat  as  in  any  former  year ;  and>  taking  into  account  the  improved  process  by 
which  malleable  iron  and  steel  are  now  produced,  there  is  reason  to  hope  for  a  greatly 
increased  demand  and  an  enlarged  production.  In  fact,  such  have  been  the  improye* 
ments  since  Mr.  Bessemer  first  announced  his  new  process  of  boiling  the  crude  inm 
direct  from  the  smelting  furnace,  and  dispensing  with  the  puddling  process^  that  w« 
appear  to  be  now  in  a  state  of  transition  from  the  old  system  of  smelting,  refinki|^ 
and  paddling,  to  a  more  direct,  continuous,  and  improved  prooew  of  manu£iatore» 
S1»el  bKB  and  plaftes  are  now  made  withoat  tiie  intcrvaiiit^a  of  aft  ' 
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and  tedioui  process^  and  we  may  reasonably  look  forward  to  the  introdaction  of  an 
entirely  new  article  of  manufacture  of  greatly  increased  powers  of  resistance  to  strain. 
Although  hitherto  Mr.  Bessemer  has  not  succeeded  in  producing  malleable  iron  by  his 
new  process>  he  has  made  excellent  refined  iron,  and  has  stimulated  others  to  attempts 
at  improvement  in  the  same  direction.  His  discoveries,  first  given  to  the  world  through 
this  Section,  have  already  proved  of  great  value  to  the  community^  and  we  look  for* 
ward  with  confidence  to  the  introduction  of  still  greater  improvemsnts^mprove* 
inents  by  which  steel  plates  and  bcurs  will  be  produced  at  almost  the  same  price  as 
that  for  which  we  can  now  obtain  the  best  manufactured  iron. 

The  Machinery  of  Agriculture, — ^This  is  a  branch  of  mechanical  art  which  requires 
the  careful  consideration  of  the  mechanician  and  the  engineer.  The  time  appears  to 
have  arrived  when  the  introduction  of  machinery,  combined  with  the  wide  diffusion 
of  education,  is  absolutely  required  amongst  our  agricultural  population ;  and  in  my 
opinion)  increased  intelligence,  together  with  new  machinery,  will  double  the  produce 
tion  of  the  soil  and  improve  the  climate  in  which  we  live.  Much  has  already  been  done^ 
yet  very  much  is  yet  to  be  accomplished.  We  must  persevere  in  the  new  process  of 
deep  draining  and  subsoil  ploughing,  and  in  the  substitution  of  steam  power  in 
place  of  horse  and  manual  labour,  before  we  can  realize  such  large  and  important 
advantages  as  are  now  before  us.  Great  changes  and  improvements  have  been 
effected  in  my  own  time  by  the  introduction  of  new  implements  to  relieve  the  labours 
of  the  farm.  Everything,  cannot,  however  be  done  by  the  mechanician  and  engineer ; 
much  has  yet  to  be  accomplished  by  the  farmer  in  the  preparation  of  the  land  to  ren« 
der  it  suitable  for  machine  culture,  and  a  willing  heart  as  well  as  a  steady  hand  is 
required  of  the  agriculturist  before  he  can  work  for  the  public  good  in  concert  with 
the  engineer.  I'he  reapmg  machine  has  now  attained  such  a  degree  of  perfection  as 
to  bring  it  into  general  use  on  lands  prepared  for  its  reception ;  and  the  steam  plough 
b  making  rapid  strides  towards  perfection,  and  is  likely  to  take  the  place  of  horses^ 
and  effect  a  change  as  beneficial  to  the  farmer  as  it  will  be  advantageous  to  the  publie 
at  large. 

Electric  Tekgraphg,-^The  consummation  of  telegraphic  communication  between 
the  old  and  new  world  is  the  crowning  triumph  of  the  age,  and  I  hail  in  common  with 
everv  lover  of  science  the  immense  benefits  which  the  successful  laying  of  the  Atlantic 
Cable  is  calculated  to  secure  for  mankind  j  it  is  another  step  forwsurds  in  the  great 
march  of  civilization,  and  the  time  is  not  fhr  distant  when  we  shall  see  individuids  as 
well  as  nations  united  in  social  intercourse  through  the  medium  of  the  slender  wire 
and  the  electric  current.  These  are  blessings  which  the  most  sanguine  philosophers 
of  the  past  never  dreamed  of ;  they  are  the  realizations  of  the  age  in  which  we  live ;  and 
I  have  to  congratulate  the  Section  on  what  has  already  been  done  in  the  wide,  and 
to  some  extent  unexplored  field  of  this  wonderful  discovery. 

On  a  new  Method  qf  constructing  the  Permanent  Way  and  Wheels  (^ 
Railtoays.    By  W.  Bridges  Adams. 

The  object  of  the  improvement  about  to  be  described  is  to  obtain  all  the  advantages 
of  both  the  bridge-raU  and  the  double  T-rail,  while  avoiding  their  disadvantages ; 
that  is,  the  horizontal  stiffness  of  the  bridge- rail  with  more  than  the  vertical  stiffness 
of  the  double  T*rail,  with  a  lowered  elevation^  without  any  chairs  or  loose  contact  of 
iron  with  iron>  and  with  the  firmest  joint  yet  produced>  making  the  line  of  raib  a 
continuous  yet  expansive  and  contractile  bar,  on  a  continuous  bwing* 

In  this  new  construction  the  ordinary  double-headed  rail  is  not  placed  in  chairs 
on  cross  sleepers,  but  is  bolted  between  longitudinal  sleepers  of  small  scantling,  which 
supply  the  place  of  cast  chairs,  by  continuous  wooden  supports.  The  bolts  are  either 
ordinary  screw-bolts  or  pieces  of  flat  bar,  with  keys  and  washers  passing  through  both 
rails  and  timbers  at  3-reet  spaces.  The  rail  is  thus  supported  by  the  upper  table 
without  resting  on  the  lower,  and  the  bearing  surface  on  the  timber  is  in  a  yard  lengtJi 
equal  to  64  inches,  the  chair  in  the  same  length  being  only  equal  to  48  inches ;  the 
former  being  continuous>  the  latter  discontinuous.  The  bearing  surface  on  the  bal- 
last is  equal  to  that  of  the  cross-sleeper  rail  with  the  sleepers  3  feet  apart*  The 
height  of  the  rail  above  the  ballast  is  only  5  inches,  while  that  of  the  ordioanr  croU'^ 
slM|iMrwayisl2iiicbefl.   There  is»  therefore^  a  saving  of  half  tl^  ballast   TbmtsU 
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are  connected  by  brackets  of  angle-iron,  wbich  are  bolted  to  and  throagfa  bodi  rmiis 
and  brackets  at  tbe  joints,  the  brackets  being  bolted  down  on  cross  sleepers  at  the 
joints ;  thus  securing  the  gange. 

The  advantages  of  the  system  are, — 1st,  a  maximum  depth  of  rail,  with  a  minimom 
elevation ;  2nd,  a  continuous  bearing  on  timber ;  3rd,  great  lateral  stiffness ;  4tfa,  a 
really  reversible  rail  without  risk  of  damage  or  crystallization,  with  the  lower  table 
perfect,  when  the  upper  is  worn  out ;  5th,  great  safety,  by  reason  of  the  rail  being 
secured  without  chairs  and  keys ;  6th,  diminished  cost  of  maintenance^  and  rapid 
shifting  of  rails. 

As  to  the  wheel,  practically,  a  driving  wheel,  at  50  miles  per  hour,  is  equivalent 
to  a  large  Nasmyth's  hammer,  wherever  any  inequality  exbts  between  rails  and 
wheel :  the  incessant  leap  of  the  wheel  from  point  to  point  is  a  heavy  blow. 

To  obviate  this  disadvantage,  it  is  desirable  to  render  the  wheel  elastic.  The  im- 
proved wheel  is  so  constructed,  that  a  continuous  hollow  in  the  internal  periphery  of 
the  tire  is  overlapped  by  a  continuous  hoop-spring,  on  which  the  wheel  rests  in  sach 
a  mode  that  the  only  dead-weight  is  in  the  tire.  The  tire  is  formed  vrith  an  internal 
front  rib  ;  and  when  the  wheef  is  forced  in  upon  the  spring  by  cold  pressure,  a  false 
rib  is  fixed  at  the  back,  and  the  wheel  is  secure.  The  wheel  thus  treads  on  an  elaatic 
cushion  all  round  the  periphery.  It  cannot  be  strained  on  mischievously  tight,  as  by 
shrinking  hot ;  and  the  metal  is  in  a  state  of  rust. 

The  advantage  in  saving  wear  of  tire  is  found  to  be  considerable,  and  it  is  obvious 
the  saving  must  extend  to  the  rails  also. 

The  commercial  advantages  are  considerable.  In  the  permanent  way  the  cost  of 
the  whole  of  the  chairs  is  saved,  and  a  portion  of  the  timber,  while  the  fastenings  are 
about  the  same  cost  in  either  case.  The  saving  of  labour,  and  heating,  and  tcKkls  in 
the  construction  of  the  wheels  is  considerable ;  and  the  quantity  of  material  is  dimi- 
nished. Both  permanent  way  and  wheels  have  now  been  a  considerable  time  in 
practical  use,  which  is  extending  as  the  system  becomes  known. 

On  a  few  Facts  connected  with  the  Manufacture  of  Pig  Iron  in  the  neighbowr- 
hood  of  Leeds,  By  W.  J.  Arm  it  age. 
The  author  first  quoted  an  extract  from  Uie  'Geological  Survey,'  in  reference  to  the 
peculiarities  of  the  coal-fields  of  Yorkshire,  and  then  proceeded  to  point  out  the  posi- 
tion occupied  by  the  valuable  seam  of  coal  in  the  districts  of  Bradford  and  Leeds. 
The  superficial  seams  of  coals  worked  in  the  immediate  neighbourhood  of  Leeds  he 
gave  in  the  various  orders  in  which  they  occur: — 

Ist.  The  stone  or  cannel  bed.  2nd.  The  Middleton  bed. 

3rd.  The  Beeston  thin  bed.  4th.  The  Beeston  thick  bed. 

5th.  The  Crow  coal. 
Below  the  latter  seam,  that  portion  of  the  strata  especially  connected  with  the 
manufacture  of  iron  in  the  North  Yorkshire  district  was  arrived  at.    A  section  of 
this  part  of  the  strata  gave  the  following  results : — 
1st.  Loose  vein  of  sandstone,  9  to  18  feet  thick. 
2nd.  Black  bed  ironstone,  lying  in  a  bed  of  shale^  3  to  4  feet  thick. 
3rd.  Black  bed  coal,  2  feet  thick. 

4th.  Various  measures  of  shale  and  stone,  roof  of  better  bed  coal,  consisting  of 
black  shale,  with  numerous  fish  remains,  and  small  white  nodules  of 
ironstone,  120  feet. 
5th.  Better  bed  coal,  1  to  2  feet. 
6th.  Floor  of  indurated  fire-clay,  2  to  3  feet. 
From  this  portion  of  the  strata,  comprised  within  the  short  space  of  forty  yards,  the 
materials  employed  in  the  manufacture  of  the  iron  were  derived.    The  black  bed 
ironstone  furnished  the  ore,  the  better  bed  coal  the  fuel,  the  black  bed  was  used  for 
the  engines,  and  from  the  valuable  bed  of  fire-clay  were  made  the  fire-bricks  and 
blast-furnace  linings.    The  ironstone  occurred  in  detached  nodules  of  various  sizes, 
deposited  in  five  distinct  layers,  which  were  designated  top  balls,  flat  stone,  upper 
rough  measure,  middle  balls,  and  lower  rough  measure.     In  some  localities  their 
course  was  difficult  to  trace  in  the  surrounding  shale ;   in  others,  where  the  seam 
was  termed  good,  the  ore  produced  1000  tons  of  atone  per  acre,  aad  this  was  abool 
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the  average  yield  at  Farnley.    The  fracture  of  this  stone  showed  a  blackish  grey  tint, 
and  yielded  by  analysis- 
Metallic  iron 39*4  per  cent. 

•  Silica  and  alumina 14*9  per  cent. 

Sulphur *8  per  cent. 

Oxygen,  carbonic  acid,  &c 44*9  per  cent. 

A  singular  affinity  seems  to  exist  between  the  ore  and  the  better  bed  coal  in  this 
district.  The  results  obtained  from  other  descriptions  of  stone  have  not  been  satis- 
factory. With  respect  to  the  fuel  employed,  the  better  bed  coal  burnt  free  from 
sulphur,  and,  as  this  was  one  of  the  chief  obstacles  in  the  manufacture  of  iron  in  this 
country,  such  a  coal  was  a  great  desideratum.  Mr.  Wood,  of  Leeds,  had  lately 
analysed  one  sample  of  this  coal,  and  the  following  were  the  results  :— 

Carbon    74*700 

Hydrogen  5*000 

Sulphur *196  (very  small). 

Ash 4*700 

Oxygen  and  nitrogen 15*404 

100*000 
Other  analyses  would  have  to  be  made  on  different  samples  of  the  coal  before  the 
average  amount  of  sulphur  could  be  determined  with  precision,  but  this  first  essay 
was  satisfactory,  inasmuch  as  it  placed  the  better  bed  coal  of  this  district  in  the 
foremost  rank  amongst  the  pure  coals  of  England ;  and  it  was  to  the  excellence  of 
this  fuel,  as  observed  in  the  memoir  of  the  Greological  Survey  already  referred  to, 
that  the  good  quality  of  the  iron  manufactured  at  Low  Moor,  Bowling,  and  Farnley, 
was  mainly  attributable.  In  conclusion,  he  referred  to  the  points  of  importance  in 
connexion  with  the  process  of  refining  the  pig  metal  at  the  Farnley  Iron  Works, 
which  were  peculiar  to  that  establishment.  The  first  had  reference  to  the  introduc- 
tion of  steam  into  the  refinery  along  with  the  blast ;  the  second  was  the  introduc- 
tion of  steel  into  the  refineries  in  conjunction  with  the  pig  metal.  The  refined  metal 
thus  produced  presented  a  pure  silvery  fracture,  and  a  perfectly  homogeneous  texture. 

On  Steam  Tugs  employed  on  the  Aire  and  Calder  Navigation, 
By  W.  H.  Bartholomew,  MJ.C.E. 

The  navigation  to  which  the  subjccf  matter  of  this  paper  refers  is  a  combination  of 
natural  and  artificial :  throughout  it  has  a  navigable  depth  of  7  feet.  The  canals,  or 
artificial  portion,  have  bottom  and  surface  width?  respectively  of  25  to  30  feet,  and  60 
to  66  feet ;  the  sectional  area  of  water-way  varying  from  350  to  380  superficial  feet. 
The  locks,  which  occur  at  varying  distances  of  from  9  to  2  miles^  admit  vessels  of 
dimensions  not  exceeding  64  feet  long  and  18  feet  beam. 

An  improved  system  of  haulage  was  introduced  in  1 853  by  the  construction  of  a 
steam  tug  (which  had  been  followed  by  several  others),  designed  with  the  combined 
object  of  providing  motive  power  for  a  train  of  boats  and  capability  for  carriage  of 
cai^o.  These  tugs  were  in  length  63  feet  6  inches,  having  beam  respectively  of  11  feet 
and  12  feet  6  inches,  depth  of  hold  7  feet  3  inches,  immersed  midship  sections  64  and 
72  square  feet  respectively,  displacement  with  such  Immersion  40  tons  for  cargo,  and  8 
to  10  tons  for  machinery  and  stores.  The  engines  and  boilers  were  fixed  in  the  after 
portion  of  the  boats,  and  occupied  20  feet  of  their  length ;  and  30  feet  were  devoted 
to  cargo  and  12  feet  6  inches  to  accommodation  for  the  crew.  The  remainder  of  the 
length  was  taken  up  by  bulkheads,  stores,  &c.  The  peculiar  machinery  of  these  boats 
was  next  illustrated  by  a  technical  description  and  plans ;  and  the  author  then  pro- 
ceeded to  show  that  by  a  new  arrangement  of  the  screw,  adopted  in  other  more  recent 
tugs,  there  was  a  considerably  lower  per-centage  of  *'  slip."  This  screw  consisted  of 
two  ordinary  screws  fixed  on  the  same  shaft  at  right  angles,  or  otherwise,  to  each 
other,  having  an  intervening  space  of  six  or  more  inches  between  them,  and  conse- 
quenUy  their  planes  of  rotation  were  different;  their  pitches  also  varied,  the  after 
•crew  having  tne  greater.  This  application  ha^  proved  to  be  most  successful.  In 
workine^  these  tugs  the  pressure  of  steam  was  regulated  to  the  duty  to  be  performed, 
and  had  varied  from  100  lbs.  to  220  lbs.,  but  did  not  often  exceed  160  lbs,  per  square 
inch.    The  general  speed  of  the  engines  was  180  revolutions,  or  360  feet  speed  of 
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piston  per  minute.  This  speed  of  piston,  when  worlcing  at  iiiH  prwraret  gave  108 
effective  horse-power  for  the  larger,  and  50  horse-power  for  tugs  of  less  power.  Ths 
former,  under  such  circumstances,  took  a  load  of  500  tons  of  cargo,  or  a  gross  losd  of 
650  tons  at  a  speed  of  3  miles  per  hour  in  the  canals  and  4^  miles  in  the  river  portioD 
of  the  navigation.  The  latter  hauled  a  load  of  220  tons  of  cargo,  or  a  gross  load  of 
325  tons  at  the  same  speed  in  the  canals,  and  3|  miles  per  hour  m  the  river.  On  sn 
experiment  with  one  of  the  more  powerful  tugs,  twelve  vessels,  containiof^  with  tfae 
cargo  in  the  tug  832  tons,  or  a  gross  tonnage  moved  of  1222  tons,  were  taken  in  die 
river  portion  of  the  navigation  a  distance  of  4|  miles  in  1 J  hour,  or,  allowing  for  cap- 
rent,  2|  miles  per  hour.  On  another  occasion  the  same  tug  took  nine  vessels,  con- 
taining with  the  tug  552  tons  of  cargo,  or  852  tons  gross,  over  the  same  portion  of 
the  river  (allowing  for  current),  a  speed  of  4-87  miles  per  hour.  The  dynamical  efect 
on  the  tow-rope  in  the  former  case  varied  from  28  to  34  cwt.,  and  in  the  latter  ave- 
raged about  27^  cwt.  These  tugs  were  also  very  useful  for  breaking  up  and  conteudiag 
against  ice;  and  there  was  also  a  diminished  consumption  of  Aiel  as  compared  with 
the  previous  tugs  employed, — which  were  paddle-boats..  The  commercial  results  were 
as  follows : — 9d,  per  boat  per  mile  by  the  paddle  tugs;  7d,  by  horse  haulage,  &c; 
and  4*15<^.  by  screw  tugs.  The  economic  proportionals  were  consequently  1,  1'68 
and  2*15.  The  trip  of  36  miles  was  thereby  accelerated  two  hours,  and  increased 
certainty  was  obtained. 

Description  of  a  Floating  Dry  Dock,    By  G.  Bayley. 

The  dock  in  question  was  designed  in  1836  for  a  South  American  Qovemineiit) 
it  was  intended  to  be  moored  in  deep  water,  and  ride  with  a  ship  of  war  in  it  with 
safety  during  ordinary  gales. 

The  port,  or  rather  open  roadstead,  in  which  it  was  proposed  to  place  the  floaliog 
dock,  had  a  rise  of  tide  of  about  6  feet.  To  meet  the  peculiarities  of  the  place,  it  wss 
proposed  to  construct  the  dock  so  that  it  could  be  immersed  or  suak  down  to  say 
depth  that  might  be  required  to  admit  the  ships  of  various  classes,  and  be  stroog 
enough  to  ride  with  them,  without  straining  the  ship. 

Three  things  had  to  be  combmed — stren^,  rigidity,  and  buoyancy.  The  needAd 
strength  and  rigidity  were  to  be  secured  by  a  very  simple  system  of  bracing  and 
trussing^nd  the  whole  ft-aming  covered  with  planking  well  secured  and  made  water- 
tight. This  space  was  subdivided  longitudinally  and  transversely,  so  as  to  obviate 
any  risk  from  the  rushing  of  the  water  from  side  to  side  or  from  end  to  end  of  the 
dock ;  and  at  the  same  time,  these  longitudinal  and  transverse  partitions  would  add 
to  the  strength  and  rigidity  of  the  entire  fabric. 

A  transverse  section  of  the  dock  would  show  that  the  floor  of  the  dock  is  a  framed 
beam,  consisting  of  two  tie  pieces  about  4  feet  apart,  with  queen  posts  in  the  centre^ 
under  the  ground  or  lower  tier  of  keel  blocks,  with  tie  bolts  introduced  where  neces- 
sary. The  sectional  area  must  be  proportioned  to  the  entire  weight  of  the  dock  with 
the  ship,  so  that,  if  desired,  it  may  float  with  its  upper  internal  surface  above  the 
level  of  its  external  waters.  The  angular  or  rectangular  space  between  the  outer 
and  inner  planking  of  the  sides  must  be  of  sufficient  volume  to  allow  the  dock  to  be 
sunk  to  any  required  depth  to  receive  the  ship. 

The  dock  itself  must  be  ballasted  with  sufficient  weight  to  render  it  specificsUy 
heavier  than  water,  in  order  that  it  may  be  readilv  sunk  to  the  required  depth. 

It  was  proposed  to  have  an  engine  fixed  on  tne  deck  forward,  to  pump  out  the 
water  fh>m  &e  subdivisions,  and  also  to  drive  saws  and  any  other  tools  required 
for  carrying  on  the  repairs*. 

It  would  be  desirable  to  construct  such  docks  of  iron,  which  is  peculiarly  suited 
to  meet  all  Uie  requirements  of  such  structures  as  to  strength,  rigidity,  and  buoyancy, 
at  less  cost  than  timber  under  almost  every  combination  of  circumstances. 

llie  peculiar  advantage  of  the  kind  of  dock  now  suggested  is  its  adaptation  to 
places,  where,  from  local  circumstances,  it  is  difficult,  if  not  impossible,  to  baiki 
secure  and  substantial  dry  docks  on  the  shore. 

*  The  paper  was  illustrated  by  a  model,  showing  the  general  oonitruction  and  propoiid 
amngement  of  the  engine,  pump,  &o. 
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On  an  Insimmentfor  deBcrUnng  Spirals. 
By  ike  Rev.  James  Booth,  LL.D^y  F.R.S, 

This  is  the  invention  of  Mr.  Henry  Johnson  of  Crutched  Friars^  and  is  called  by 
him  a  volutor^  with  reference  to  its  practical  use. 

It  admits  of  several  varieties ;  and  the  earliest  form  affords  a  simple  illustration  of 
the  principle  of  the  spiral  line, — that  is,  of  a  line  revolving  round  a  point  at  one  end, 
as  round  a  centre,  while  a  marking  point  travels,  during  the  revolution,  from  the 
inner  end  or  centre  to  the  outer  end  of  the  line.  It  consists  of  a  vertical  axb  resting 
on  a  horizontal  plane,  and  retained  on  it  by  a  metal  point  to  prevent  slipping  or 
lateral  motion.  To  ^s  upright  axis  is  attached  one  extremity  of  the  horizontal 
arm  or  bar.  The  vertical  axis  passes  through  the  extreme  end  of  the  horizontal 
arm,  or  a  block  attached  to  the  end  of  it,  in  such  a  way  that  the  horizontal  arm 
may  freely  revolve  round  the  vertical  axis.  The  remote  extremity  of  the  horizontal 
bar  is  fumbhed  with  a  drum  or  pulley,  over  which  a  chain  or  band  passes. 

One  end  of  this  band  is  fixed  to  the  centre  upon  a  level  with  the  pulley ;  and 
the  other  end  of  the  chain  or  band,  after  passing  over  the  pulley  at  the  outer  end  of 
the  horizontal  rod,  returns  and  is  fastened  to  a  slide  upon  the  horizontal  bar, 
"Which  carries  a  pencil  or  pen,  and  is  placed  at  the  inner  extremity  of  the  bar,  dose  to 
the  vertical  axis. 

The  horizontal  bar  is  caused  to  revolve ;  and  the  band  is  thus  wound  round  the 
centre,  and  the  slide,  with  its  pencil,  is  drawn  along  the  bar  from  the  centre  towards 
the  pulley, — the  spiral  curve  traced  upon  the  horizontal  plane  by  the  pencil  being 
the  result  of  the  compound  motion  of  the  point  travelling  along  the  revolving  line. 
The  form  of  the  centre,  if  cylindrical,  would  lead  to  a  regular  increase  in  the  radius 
of  the  spiral ;  but  by  the  substitution  of  grooved  cones,  any  required  ratio  of  increase 
may  be  obtained. 

A  recent  form  of  the  instrument  is  even  more  simple  than  the  one  described,"--the 
slide  being  dispensed  with,  and  the  pencil  being  attached  to  the  horizontal  bar, 
which  glides  through  a  horizontal  tube  fixed  to  the  lower  part  of  the  vertical  centre. 
The  upper  part  of  the  vertical  centre  being  a  cone,  with  its  handle  is  held  stationary 
by  the  hand,  while  motion  is  given  to  the  lower  part  with  the  horizontal  tube  by  a 
small  winch  handle  fixed  on  a  wire  descending  through  the  cone  and  its  handle* 
The  end  of  the  bar  bearing  the  marking  pencil  recedes  &om  the  centre  as  the  outer 
end  is  drawn  towards  the  centre  by  the  band  wound  round  the  vertical  axis. 

To  the  horizontal  tube  and  to  the  outer  end  of  the  bar  are  attached  series  of 
pulleys  ;  and  a  variety  of  curves  may  be  obtained  by  passmg  the  band  over  two  or 
more  pulleys,  and  thus  dividing  among  several  lines  the  effect  of  the  band  wound 
round  the  centre.  

On  the  Roof  cf  the  New  Town  Hall  at  Leeds.    By  C.  Brodrick,  Architect. 

The  principal  points  which  are  worthv  of  notice  in  this  roof  are  the  absence  of  tie 
besms,  which  allows  of  the  ceiling  of  tne  hall  being  brought  nearer  to  the  exterior 
of  the  roof  than  is  usually  the  case.  The  roof  consists  of  eight  sets  of  principala 
framed  together.  Each  principal  consists  of  a  semicircular  laxninated  rib,  formed  of 
twelve  l^-inch  planks,  9  inches  wide,  nailed  together  and  fastened  with  wrought  iron 
bolts  and  straps.  They  are  placed  in  couples,  and  stand  immediately  over  each  of 
the  columns  in  the  hall.  They  are  respectively  4  feet  and  18  feet  apart.  The  width 
of  the  loom  is  71  feet,  and  the  springing  of  the  ribs  53  feet  from  Uie  ground.  Tha 
entire  height  to  the  top  of  the  roof  is  99  feet,  the  hall  being  73  feet  high  in  the  clere. 
This  system  of  roofs  has  been  adopted  more  ^equently  in  France  than  in  England,  the 
only  one  with  which  Mr.  B.  was  ac(|uaintedof  any  considerable  size  bein^  the  station  of 
the  Great  Northern  Railway,  at  King's  Cross.  The  laminated  rib  is  the  mvention  of  a 
French  engineer.  It  was  at  first  suggested  for  a  bridge  over  the  Rhine,  in  the  year  1811* 
Several  years  later,  M.  Emy  constructed  several  roofs  on  this  plan ;  but  all  hb  roofs, 
as  well  as  the  one  at  King's  Cross,  being  very  near  to  the  ground  at  their  sprinfldng, 
and  without  ceilings,  are  consequently  much  more  manageable  than  the  roof  of  the 
Town  Hall,  which  has  a  very  elaborate  plaster  ceiling  attached  to  it,  and  the  spring- 
ing is  at  a  considerable  distance  from  the  ground :  he  had  taken  the  precaution  to  in- 
sert several  additional  struts  and  braces  as  a  preventive  agamst  any  change  of  form 
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or  outward  thmtt.  Both  these  points  had  been  attended  with  the  nott  oompkte 
success^  there  being  not  the  least  perceptible  outward  thrust  or  diange  of  form  since 
they  were  put  up.  The  latter  fact  was  proved  very  satisfactorily  by  the  plasterers* 
who  were  enabled  to  run  the  mouldings  on  the  ceiling  from  the  centre.  The  brackets 
for  these  mouldings  were  not  gauged  from  a  centre,  but  fastened  to  the  ribs  accord- 
ing to  their  sizes.  In  constructing  these  semicircular  ribs,  he  was  much  struck  with 
the  small  amount  of  springing  or  alteration  of  form.  If  the  principle  of  these  lamt- 
native  ribs  were  better  understood,  he  was  of  opinion  that  many  of  our  church- 
building  architects  would  adopt  it,  instead  of  depending  on  three  or  four  over-atraioed 
joints  for  one  tie.  

Notice  of  some  of  the  Articles  shown  in  the  Mechanical  Section  of  the  Leeds 
Exhibition  of  Local  Industry.    By  J.  Buckton. 

The  following  are  some  of  the  chief  articles  exhibited : — 

A  fine  collection  of  malleable  iron,  boiler  plates,  and  angle-iron  as  used  in  ship- 
building, locomotive  crank  and  other  axles,  and  wheel  tires  in  various  forma. 

A  model  of  a  weighing  crane,  designed  for  raising  and  weighing  heavy  goods  at 
one  operation. 

Naylor*s  double  steam  hammer.    A  collection  of  engineers'  tools. 

A  lathe  for  turning  irregularly-formed  pieces  of  wood,  and  an  endless  tape-aaw ; 
also  the  adaptation  of  Comb's  expanding  pulley  to  a  drilling  machine. 

Kemp's  woollen  cloth  dressing  machinery. 

Taylor's  corn  mill,  with  the  upper  stone  stationary  and  the  lower  one  revolving. 
The  stones  are  2  feet  8  inches  and  3  feet  in  diameter,  weighing  3  cwt.  to  5  cwt.  each, 
versus  15  cwt.  to  20  cwt.,  the  weight  of  ordinary  millstones.  The  work  is  found  to 
be  done  much  more  effectually,  at  a  reduced  cost  of  masonry  and  building. 

Carrett,  Marshall,  and  Co.  stationary  pumping  and  other  engines. 

Comb's  and  Smallpage's  new  double  cam  power-loom.  In  this  power-loom  all 
the  movements  for  plain  weaving  are  obtained  from  one  shall  perfecdy  balanced  in 
itself  and  revolving  at  half  the  speed  of  the  crank  shaft  of  the  old  loom.  In  the 
shuttle  used  in  the  loom,  the  weft  is  packed  into  the  shuttle  in  the  form  of  a  hoUow 
roll,  and  drawn  from  the  internal  surface. 

Holmes'  loom  for  working  ladies'  corsets  without  a  seam ;  it  differs  from  the 
ordinary  way  of  weaving,  by  the  yam  being  on  several  pulleys  in  small  quantities, 
instead  of  all  being  on  one  beam. 

Miller's  card-setting  machine. 

Haste's  new  self-acting  apparatus  for  preventing  the  explosion  of  steam  boilers. 

A  working  model  of  Donnisthorpe's  wool -combing  machine. 


On  some  modem  Appliances  for  Raising  Water.    By  W.  E.  Garrett. 

The  author,  after  alluding  to  the  various  kinds  of  pumps  in  use,  proceeds  to  describe 
two  combinations  of  the  steam  engine  and  pump  in  direct  action.  In  each  case  the 
steam  cylinder  is  directly  over  and  in  immediate  communication  with  the  pump 
beneath.  A  comparatively  slight  transposition  of  detail  would  arrange  these  hori- 
zontally, if  required.  The  first  described  was  a  steam  pump  of  the  high  pressure 
transportable  class,  having  a  fly  wheel  and  connecting  rods  to  the  crank  shaft ;  also 
a  modification  of  this  for  especial  cases,  where  lightness  and  portability  are  requisite : 
the  other  was  a  compound  high  and  low  pressure  condensing  steam  engine,  also 
in  direct  communication  with  its  pump,  and  of  much  larger  proportions,  used  as  a 
water- lift. 

The  chief  object  in  view  is  simplicity  and  durability  of  parts,  a  quiet  and  noiseless 
action,  and,  as  far  as  possible,  a  superior  duty  effected  with  a  minimum  expenditure 
of  power.  One  important  feature  to  be  observed  is  the  application  of  the  suctiooal 
and  compressive  air  vessels  in  close  proximity  to  the  pumps,  by  which  it  is  able  to 
fetch  the  water  from  any  distance  (of  course  within  the  limits  determined  by  the  friction 
in  the  pipes),  or  from  a  depth  not  exceeding  29  feet,  and  to  force  it  any  required 
height  or  distance. 

Ilie  author  then,  by  the  aid  of  diagrams,  explained  these  several  machines. 
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Snome  Aec^mU  o^  Lewis  P^l  cmd  kU  Invention  of  the  Machine  for  Spinning 
CeUon  and  Wool  by  BoUert^  and  his  claim  to  such  invention^  to  the  exclu" 
sion  o/*  John  Wyatt    By  Robert  Cole,  P.S.A. 

On  an  Apparatus  for  laying  down  Submarine  Telegraphic  Cables. 

By  H.  CONTBBARE.  C.E, 

This  iQventioo  consiste  in  the  construction  of  machinery  composed  of  a  resilient  and 
articulated  series  of  segments  or  frames,  which  extend  from  the  stern  of  a  vessel 
employed  in  the  submerging  of  submarine  telegraph  cables,  and  over  which  machine 
the  cable  is  to  be  paid  out,  being  delivered  from  a  trumpet- mouth  shaped  congeries 
of  friction  rollers,,  situated  at  the  outer  extremity  of  the  frame  furthest  from  the  stem, 
ia  which  machinery  the  resiliency  decreases  gradually  from  that  part  of  the  apparatus 
next  to  the  stern,  to  the  extreme  outer  end  thereof.  The  articulated  joints  or  seg- 
znents  of  the  apparatus  are  formed  of  frames,  each  frame,  starting  from  the  stem, 
being  smaller  than  that  supporting  it.  Strong  springs,  such  as  coach-springs,  fixed 
to  one  frame  and  linked  to  the  farther  extremity  of  the  vessel,  are  employed  to  give 
resiliency  to  the  articulations  between  each  frame  and  that  next  to  it,  and  the  frame 
furthest  from  the  stern  terminates  in  a  semi-conoidal  or  trumpet-mouth  shaped 
debouchure,  consisting  of  rings  of  friction  rollers  breaking  joint  with  each  other,  and 
so  arranged  as  to  present  a  rolling  surface  of  moderate  curvature  to  the  escaping 
cable,  at  whatever  angle  with  the  course  of  the  ship  it  is  compelled  by  side  currents 
or  lee  way  to  quit  the  apparatus. 

Over  this  resilient  and  articulated  series  of  frames  is  a  rigid  spur  of  wood  or  metal, 
having  suspended  from  it,  outward,  as  many  pulleys  as  there  are  joints  in  the  appa-* 
ratns  last  described.  An  equal  number  of  pulleys  is  provided  inboard.  A  rope  or 
cbain  is  connected  to  the  extremity  furthest  from  the  stave  of  each  joint,  then  to  a 
spring,  or  not,  as  deemed  necessary ;  and  then,  passing  over  one  of  the  outboard  puU 
Ie3r8  and  one  of  the  inboard,  in  the  rigid  beam  is  attached  to  a  spring  apparatus,  so 
arran^  as  to  give  a  resiliency  graduated  according  to  the  position  of  such  particular 
piece  m  the  series. 

This  spring  apparatus  consists  of  a  series  of  wheels  and  axles.  The  resilient  springs 
act  on  the  axles  m  each  case,  and  the  ropes  or  chains  leading  to  the  various  parts  of 
atte  laying  apparatus  are  attached  to  the  wheels.  The  ratio  of  the  diameter  of  the 
wheel  ;to  the  axle  varies  in  each  case,  according  to  the  amount  of  resiliency  re- 
quired by  the  particular  joint  or  frame  of  the  fishing-rod  apparatus,  with  which  such 
whed  and  axle  are  connected.  Thus,  as  the  delivery  extremity  of  the  apparatus  is 
required  to  be  moved  through  a  comparatively  large  space  by  the  exertion  of  a  com-* 
paratively  small  strain,  the  ratio  of  the  wheel  to  the  axle  in  the  resilient  apparatus 
pertaining  to  this  end  frame  is  consequently  greater  than  in  that  pertainmg  to  any 
of  the  frames  nearer  the  stem ;  and  thus  a  graduated  resilience  is  obtained. 

On  Expanding  Pulleys.    By  Mr.  Coombe. 

This  paper  has  been  prepared  at  the  request  of  Mr.  Fairbairn,  the  President  of  the 
Section,  the  pulley  itself  having  been  carefully  examined  by  Prince  Albert  at  the  time 
of  his  visit  to  the  Exhibition  of  Local  Industry,  and  by  him  warmly  approved.  A 
pretty  correct  idea  of  these  pulleys  may  be  formed  by  supposing  two  cones  rut  with 
radial  spaces  alternating  with  solid  parts,  so  that  the  solid  parts  in  one  may  slide 
freely  into  corresponding  spaces  in  the  other,  in  the  direction  of  a  common  axis. 
The  sizes  of  Uiese  radial  sections  are  so  regulated,  that  when  the  two  cones  are  put 
together  they  form  a  grooved  or  V-pulley,  the  diameter  of  which  varies  according  to 
the  position  they  occupy  with  regard  to  each  other.  The  expanding  pulleys  were 
first  designed  for  the  purpose  of  giving  the  varying  motion  to  the  bobbins  in  flax  and 
tow  roving  frames,  to  which  it  is  applicable  with  great  advantage  from  the  accuracy 
of  its  action  and  the  small  space  wnich  it  occupies. 


On  Reaping  Machinery.    By  Alfred  Crosskill,  of  Beverley. 
After  alluding  to  a  paper  read  on  this  subject  in  the  year  1853,  which  contained  an 
185&  U 
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•ceoant  of  dl  theinventioiift  for  reapingapon  record  uptodiattime.Mr.CfCMsldll  stated 
that  there  were  then  three  reaping  maehinea  capable  of  doing  practical  work  :  tihe  two 
American  reapers  known  i^  Hussey'e  and  McConnack'e,  which  came  over  to  the 
Great  Exhibition  of  1851 ;  and  the  Scotch  machine  called  Bell's  (after  its  originator, 
a  minister  in  Fifeshire),  which  was  brought  into  general  notice,  and  aubaeqnently 
into  practical  operation,  by  Mr.  William  Crosskfil,  of  Beverlev.  Since  the  year 
1853  these  three  machines  have  been  greatly  improved,  to  adapt  them  to  the  reqmre- 
ments  of  British  agricultnre ;  Hnsse^  by  Messrs.  W.  Dray  and  Co.,  McCormack's 
by  Messrs.  Bargees  and  Key,  and  Bell's  at  Beverley,  under  the  direction  of  tke 
reader  of  the  paper ;  and,  by  means  of  numerous  working  models  and  drawings,  the 
construction  and  peculiarities  of  these  three  machines  were  ftilly  explained  and  illos- 
trated.  With  reference  to  the  cutting  apparatus,  it  was  remarked  that  nnmeroiiB 
endeavours  have  been  made  from  time  to  time  to  supersede  the  reciprocating  motion 
given  to  the  knives  of  the  reaper,  as  it  is  a  considerable  source  of  loss  of  power,  aad 
causes  a  tremulous  vibration,  resulting  in  excessive  wear  and  tear.  All  attempte 
have,  however,  hitherto  failed  to  produce  an  efficient  cutter,  with  a  conlinnons 
motion,  and  in  his  (Mr.  Crosskill's)  opinion  they  were  not  likely  to  succeed,  as  actual 
experience  in  the  harvest  field  seemed  to  prove  that  the  reciprocating  or  reverse 
motion  is  necessary  to  prevent  the  guards  and  knives  from  being  choked  with  short 
straw,  grass,  weeds,  and  similar  substanoes.  The  convenient  disposal  or  delivery  of  the 
cut  corn  has  been  the  greatest  difficulty  to  encounter  in  bringing  the  reapers  into 
general  use  in  this  country.  Two  of  tnem  are,  however,  made  to  deliver  ^a  crop  in 
swathes,  ready  for  taking  up  and  bioding ;  and  from  the  third  the  com  is  removed  in 
sheaves  by  a  man  who  rides  on  the  machine.  Various  ingenious  plans  have  ham  time 
to  time  been  brought  forward  for  delivering  the  cut  com.  Of  these  an  excellent  model* 
from  Messrs,  RaiuBome  and  Sims,  Ipswich,  was  exhibited  of  Atkin's  aatotnalon  sett- 
acting  rake,  and  a  description  given  of  the  Britannia  reaper,  whi^  was  sent 
from  America  this  summer,  to  Mr.  Samaelsoa,  of  Banbury.    The  difierent  i 


of  attaching  the  horses,  either  by  making  them  follow  the  machine,  or  walking  bjr 
the  side  of  uie  com  to  be  cut,  were  folly  pointed  out,  and  the  advantages  of  sack 
plan  stated  in  detail.  Makers  and  users  of  reaping  nuichines  are  divided  in  opinion 
as  to  which  is  the  best  way ;  both  have  many  warm  advocates*  and  wtU  |»obably 
continue  to  be  used  accordug  to  the  different  circumstances  under  whidi  liie  am- 
chinss  are  employed.  In  offering  some  remarks  on  the  practical  use  of  reapi^ 
machinery,  Mr.  Crosskill  said  it  was  necessary  to  direet  attention  to  the  variable  aad 
uncertain  nature  of  the  work  it  has  to  perform.  A  week  of  heavy  rain  before  har- 
vest will  lay  the  com  in  some  districts  so  that  it  can  scarcely  be  mown  with  tStut 
sc3rthe,  and  is  rendered  quite  unfit  for  die  action  of  machinery  $  in  moderately  fiivonr- 
able  seasons,  however,  me  reapers,  as  at  present  eonstracted,  are  capable  at  render- 
i|ig  important  assistance  to  the  fanner.  The  use  of  both  reaping  machines  witk  aetf- 
acting  delivery  is  steadily  extending,  and,  as  agriculturists  and  tiMir  men  beeont 
more  accustomed  to  them,  their  introduction  is  likely  to  become  still  more  rapid*  for, 
owing  to  the  high  price  of  labour  during  the  harvest,  they  effisct  a  oonsiderable  saving 
in  the  cost  of  cutting  the  crop,  and  enable  the  farmer  to  take  ^or^  advantage  of 
fovourable  weather  than  he  can  do  by  the  uncertain  aid  of  the  limited  number  of  men 
that  are  to  be  procured  at  that  period  of  the  year.  It  was  also  VTorthy  of  a  remark 
in  connexion  with  thb  part  of  the  subject,  that,  excepting  the  locomotive  engine, 
there  is  no  machine  in  use  which  requires  to  be  manufactured  with  so  much  care  and 
regard  to  durability  as  the  reaper.  Almost  all  other  machines  used  either  in  agriraltare 
or  manufoctures  do  their  work  when  at  rest,  and  secured  to  substantial  foundations. 
Even  those  eonstracted  to  move  from  place  to  place  are,  before  being  put  in  motion, 
fastened  down,  to  prevent  as  far  as  possible  the  destractive  consequences  of  oscilla- 
tion and  vibration.  The  reaper  is,  on  the  contrary,  not  only  exposed  to  all  the  strains 
consequent  on  passing  over  every  description  of  uneven  ground  with  its  machhiery 
in  action,  but  is  also  subject  to  the  effects  of  a  continual  tremulous  vibration,  caused 
by  the  quick  reciprocating  motion  of  the  knives.  It  was  therefore  not  surprising 
that  the  introduction  of  reaping  machines  has  been  attended  with  considerable 
difficulties,  especially  as  they  have  had  to  be  worked  by  men  but  little  accustomed  to 
the  use  of  machinery ;  in  this  respect,  however,  the  last  few  years  had  witnessed  a 
great  change.  The  assistance  of  the  steam-engine  was  already  folt  by  most  farmen 
to  be  a  necessity  in  carrying  out  all  extensive  operations  with  efficiency  and  economy ; 
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and  the  geDeral  nee  of  improTed  machinery  would  not  fail  to  produce  a  corresponding 
improfement  in  the  condition  of  the  agricultural  labourer,  and  to  accelerate  the  com- 
pletion of  that  progre88i?e  revolution,  which,  since  the  abrogation  of  legislative  pro-: 
teetion,  has  been  nqitdly  taking  place  in  every  department  of  practical  agriculture. 

On  Doubk  CyUnder  Expansion  Marine  Engines. 
By  J.  Elder. 

These  engines  are  constructed  with  the  view  of  getting  the  greatest  amount  of 
power  from  a  given  quantity  of  steam  at  a  given  pressure,  with  less  total  weight  of 
engines,  boilers,  and  water,  and  occupying  less  total  space  than  that  occupied  by  the 
ordinary  class  of  steam  en^nes  on  board  steam-ships ;  these  engines  are  therefore 
expected  to  have  the  following  properties ; — 

1. — ^That  with  these  engines  a  steam-ship  can  steam  the  greatest  distance  pos- 
sible with  a  given  quantity  of  coals. 

2. — ^That  a  given  distance  can  be  performed  in  the  shortest  time,  on  account  of  the 
small  weight  of  coals  necessary  to  be  carried. 

3. — ^I^at  the  greatest  amount  of  cargo  and  passenger  accommodation  is  obtained, 
IVom  the  small  room  occupied  by  the  boilers  and  eoids. 

4. — ^Thal  where  a  given  capacity  of  cargo  and  passenger  accommodation  is  re- 
q[tih«d,  a  smaller  and  consequently  less  expensive  uiip  is  necessary. 

5.— The  boilers,  being  less  than  the  usual  proportion,  are  less  expensive  to  replace 
when  requhred. 

tf.''— The  number  of  firemen  and  stokers  is  reduced,  and,  consequently,  the  spa^ 
occupied  by  them  can  be  otherwise  engaged,  and  their  wages  saved. 

To  accomplish  these  objects,  the  constructors  of  these  engines  have  followed  the 
course  we  now  describe.  The  cylinder  capacity  Is  so  great  as  to  admit  c/f  the  steam 
being  expanded  to  vdthin  two  pounds  of  the  pressure  in  the  condenser,  at  the  end  of 
tile  stroke,  while  the  engines  are  working  full  power.  In  order  to  reduce  the  shock 
of  high  pressure  on  such  a  large  piston,  a  cyHnder  vnth  a  piston  one  third  the  size  b 
fdaced  close  to  it.  This  small  cylinder  receives  the  steam  direct  fW)m  the  boiler  during 
one-third  of  its  stroke,  and  is  then  cut  off;  this  steam  is  consequently  reduced  to  6ii«- 
third  of  its  original  pressure  at  the  end  of  its  stroke,  and  then  enters  the  second 
cyltnder,  where  it  is  expanded  three  thnes  more :  thus  96Ibs.  steam  is  expanded  to 
41b8.,  viz.  from  36  to  12  in  the  first,  it  then  enters  the  second  at  19  and  is  expimded 
to  4)b8. )  but,  as  the  second  piston  is  three  times  the  size  of  the  first,  the  load  will  be 
the  same  on  both  pistons,  and  the  piston  rods,  cross  heads,  and  connexion  rods  may 
be  duplicates  of  each  other.  TIm  steam  and  eduction  slide  valves  are  wrought  with 
eccentrics.  The  steam  valve  is  a  gridiron  with  large  fiap ;  the  eduction  valve,  which 
serves  for  both  cylinders,  has  no  lap,  and  the  eduction  poi^  remain  open  during  the 
entire  stroke  of  the  piston,  thereby  giving  a  free  egresr  for  the  steam,  and  ample 
escape  for  water,  should  it  form. 

In  reversing  the  engines  the  eccentrics  are  made  to  overrun  the  shaft  till  they  arrive 
ftt  the  backing  catoh----a  plan  which  is  less  likely  to  cause  accident  than  the  ordinary 
BMthode.  The  cylinders  are  steam-jacketed  completely,  and  then  covered  with  fm 
and  wood.  There  is  a  small  engine  pump  for  forcing  the  distilled  fresh  water  frCiif 
the  jackets  faito  the  boilers,  or  to  the  fresh-water  tanks,  if  necessary. 

Tlie  boilers  now  being  made  for  such  engines  are  tubular,  with  &ree  large  super- 
heating uptakes,  2  feet  in  diameter  and  15  feet  high,  leading  up  through  an  oval 
steam  chest  to  the  funnel ;  this  makes  a  strong  form  of  take-up,  where  it  joins  the 
tube  plate,  especially  in  boilers  firing  across  the  ship.  The  feed-pipe  of  the  boilers 
has  twelve  spiral  convolutions  inside  the  funnel  to  heat  the  feed- water.  This  may 
be  shut  off  when  desirable. 

The  author  then  mentions  the  various  vessels  in  which  these  engines  have  been 
fitted,  and  shows  by  comparison  with  other  engines  the  great  saving  of  expense^ 
combined  with  greater  efficiency. 

A  DescnpOim  qfa  Hand  HeUoskO.    By  F.  Galton,  S.6.S. 
fiy  this  simple  instrument  the  rays  of  the  sun  could  be  fiashed  with  ease  and  pre^ 
mk>Q  npoa  any  required  spot    The  appearance  it  produced  was  that  of  a  brilliant 
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and  glistering  star^  and  its  power  was  sufficient  to  arrest  the  notice  of  the  moat  care- 
less person  at  ten  miles'  distance.  No  sky  line  was  necessary  to  the  distmctnesa  of 
this  remarkable  signal,  as  is  the  case  with  semaphores  and  flags ;  indeed  it  .was 
visible  to  the  greatest  advantage  in  front  of  a  dark  or  hazy  background.  It  cookl 
be  used  with  equal  facility  from  any  spot  where  the  sun's  rays  reached  it,  as  Iroia 
between  the  trees  of  a  forest  or  from  a  boat,  as  well  as  from  a  mast-head  or  a  hill-top. 
It  had  another  peculiarity,  in  being  enabled  to  flash  its  messages  in  perfect  secrecy^ 
except  to  those  who  happened  to  be  stationed  in  the  narrow  path  along  which  ^ey 
were  sent.  Many  occasions  would  arise,  especially  in  war  time,  where  this  invention 
would  be  of  use.  If  the  signaller  was  ignorant  of  the  whereabouts  of  his  correspond- 
ent, he  must  sweep  the  horizon  with  his  flash  until  it  had  been  seen,  and  a  response 
elicited.  For  a  more  detailed  description  of  this  instrument,  see  the  Proceedings  of 
Section  A.  __^ 

On  the  Economy  of  Water-Power.    By  Joseph  Glynn,  FJLS, 

In  this  part  of  England,  and  in  other  manufacturing  districts  where  coal  ia  foand,  the 
steam  engine  will  generally  be  preferred  to  all  other  kinds  of  motive  power ;  bat  ia 
many  parts  of  the  British  empire,  more  especially  in  Scotland  and  Ireland,  coal  ia 
scarce  and  water  is  abundant,  and  is  now  too  often  allowed  to  run  to  waste  where 
its  application  to  turn  milb  and  to  work  machinery  for  farming  parposea  might  amve 
both  time  and  money. 

Those  machines  produced  at  the  Paris  Exhibition,  to  which  the  writer  woald  mof« 
particularly  allude,  are  the  horizontal  water-wheels,  some  of  which  were  wrongly 
named  Turbines,  whereas  they  were  really  substitutes  for  the  machines  so  called. 

The  Turbine  is  a  machine  of  re-action,  from  which  the  water  issues  in  jets,  and 
the  unbalanced  pressure  opposite  the  orifice  impeb  the  machine  and  causes  it  to  re- 
volve in  the  opposite  direction.  It  requires  considerable  skill  in  its  constmctioii, 
and  careful  attention  when  in  use ;  but  the  horizontal  water-wheel  is  a  much  mot^ 
simple  machine,  and  much  less  liable  to  derangement.  The  water  drivea  round  a 
fan  with  curved  vanes,  having  a  vertical  axis  and  revolving  in  an  iron  case,  the  water 
escaping  at  the  centre. 

The  horizontal  water-wheels  in  the  French  Exhibition  consisted  of  two  parts,  or 
wheels,  placed  horizontally  on  a  vertical  axis,  one  wheel  immediately  above  the  other. 
The  upper  part  or  wheel  is  fixed,  and  serves  to  direct  the  water  into  the  backets  of 
the  lower  one, — ^that  is  to  say,  the  real  water-wheel,— which  revolves,  and  the  axle 
or  spindle  revolves  with  it. 

The  regulators,  which  determine  the  quantity  of  water  and  the  speed  of  the  wheel, 
may  vary  in  almost  every  instance,  some  being  mere  wooden  sluices,  some  being  metal 
plates  pierced  with  apertures  like  a  ventilator,  and  some  of  stout  leather  strengthened 
with  iron  plates,  fitting  on  conical  rollers  and  radiating  from  the  axis.  Some  of  these 
wheels  are  verv  powerful,  and  carry  a  spur-wheel  upon  the  vertical  axis,  sorroanded 
by  six  pairs  of  millstones  for  grinding  com,  driven  by  pinions  in  the  usoal  wav ; 
other  wheels,  of  smaller  size  and  greater  speed,  drive  a  single  pair  of  millstones,  with- 
out the  intervention  of  other  mechanism,  the  axis  of  the  water  wheel  being  also  the 
spindle  of  the  mill-stone. 

The  mechanical  effect  of  these  machines,  when  carefully  made,  is  said  to  equal 
that  of  an  over-shot  or  breast  wheel.    Some  realize  75  per  cent. 

On  the  Cause  of  Steam-boiler  Explosions,  and  Means  of  Prevention. 
By  J.  HopKiNSON. 

Hie  author  in  this  paper  shows  the  necessity  of  increased  attention  to  the  form  and 
construction  of  steam  boilers.  After  noticing  the  hay-stack,  waggon,  Cornish,  and 
fiutterly  boilers,  he  very  fully  describes  the  want  of  safety  in  the  double  fire-box  boiler, 
and  states  the  various  causes  of  boiler  explosions.  He  Uien  says :  *'  I  now  propose  to 
show  you  the  patent  compound  safety-valve,  which  is  a  prevention  against  explosions 
from  the  causes  before  enumerated,  and  the  explosions  which  have  taken  place  from 
all  causes  excepting  that  of  a  defective  boiler,  as  under  all  other  circumstances  steam 
boiler  explosions  are  rendered  impossible." 

The  patent  compound  safety-valve  comprises  two  distinct  valves,  a  large  5^  inch 
diameter  valve  with  flat  face  and  a  spherical  or  ball-faced  valve  3  inches  in  diameter ; 
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the  smaller  or  ball  valve  sits  upon  the  centre  of  the  larger  one.  The  larger  valve  is 
weighted  by  means  of  a  lever  and  ball,  as  in  the  common  safety-valve ;  there  is  an 
iron  bridge  or  cover  casting,  which  fits  to  the  large  valve  and  forms  the  centre  for  the 
centre  pin  to  give  pressure  upon  the  valve  enclosed  :  and  resting  upon  the  centre  of 
the  large  valve  is  the  ball  valve,  which  is  weighted  by  a  dead- weight  inside  the  boiler, 
the  dead  weight  being  comprised  of  iron  plate  castings.  When  the  steam  exceeds  the 
pressure  this  ball-valve  is  weighted  to,  it  escapes  through  the  openings  in  the  bridge 
casting  into  the  dome  or  shell  and  out  into  the  atmosphere.  As  soon  as  the  bali-valve 
lifls  from  its  seat,  the  large  one  also  lifU  from  its  seat ;  and  thus  a  double  discharge  is 
given  to  the  excessive  steam.  The  feature  here  presented  is  of  importance*  inasmuch 
as  we  find  a  valve  possessing  an  opening  or  discharging  area  equal  to  an  ordinary 
safety-valve  8^^  inches  diameter.  The  valve  cannot  be  weighted  beyond  its  working 
pressure  whilst  the  boiler  is  at  work,  as  it  will  be  seen ;  should  an  attempt  be  made 
to  weight  the  lever  or  even  press  upon  it  with  all  force,  that  would  be  useless  so  long 
as  the  ball-valve  was  there  ;  and  even  should  the  ball- valve  be  weighted  intentionally 
whilst  the  boiler  is  standing  for  cleaning,  &c.,  it  may  inst^tly  be  detected  by  placing 
the  ball  on  the  lever  in  its  ordinary  working  place;  and  by  getting  up  the  steam  you 
will  discover  such  tamperings  and  to  what  extent,  by  the  marks  on  the  lever.  Yet 
when  the  boiler  is  at  work  it  defies  any  tamperings. 

With  respect  to  its  improved  arrangement  for  deficiency  of  v^ater, — there  is 
a  lever  suspended  in  the  boiler ;  the  rod  which  bears  the  weight  for  the  ball- 
valve  passes  through  a  large  hole  in  the  centre  of  this  lever.  On  this  rod  is  fixed 
a  collar,  which  is  arranged  so  as  to  allow  the  lugs  of  the  lever  to  come  in  contact 
with  it  as  before  mentioned.  There  is  a  lever  or  beam  suspended  in  the  boiler,  one 
end  of  which  bears  a  large  float,  the  opposite  end  a  balance  weight,  to  counteract  the 
buoyancy  of  the  float  when  immersed  in  the  water,  and  to  keep  the  lip  of  the  lever 
up  against  the  under  side  of  the  top  of  the  boiler ;  the  float  is  immersed  in  the  water 
to  such  a  depth  as  is  called  low  water  mark.  When  the  water  begins  to  leave  the 
float,  the  specific  gravity  of  the  float  is  then  brought  upon  the  end  of  the  lever,  which 
turns  upon  a  centre ;  the  lugs  then  are  brought  mto  contact  with  the  collar  on  the 
rod,  and  the  valve  is  raised  from  its  seat. 

Should  the  water  still  get  lower,  the  valve  continues  to  rise,  and  will  do  so  until 
the  water  be  again  at  its  proper  height :  should  the  warning  be  disregarded,  the  steam 
will  all  be  discharged  from  the  boiler  and  stop  all  working,  and  render  explosion 
impossible.  

On  the  Drainage  of  the  Metropolis.  By  E.  Jones. 
The  author  proposes  to  place  portable  tanks  within  cesspools  constructed  in  the 
sewers,  each  capable  of  holding  about  one  ton  weight  of  solid  sewage  matter.  A 
bar  or  grating  to  be  fixed  within  the  sewer,  at  one  side  of  the  tank,  so  constructed  as 
to  act  as  a  coarse  filter  to  check  the  solids  which  will  then  be  precipitated  into  the 
tanks.  The  tanks  when  fbl)  to  be  lifted  out  by  a  portable  crane,  a  lid  being  first 
securely  fixed  thereon,  so  as  to  prevent  the  escape  of  the  least  smell.  Previous  to  the 
act  of  removal  the  communication  with  the  sewers  will  be  cut  off,  by  doors  or  flood- 
gates, made  to  slide  in  a  grooved  frame,  by  which  the  water  in  the  sewer  vnW  be 
arrested  and  the  effluvia  prevented  from  escaping  into  the  streets  during  the  removal. 
The  author  suggests  that  a  series  of  these  tanks  be  placed  at  a  quarter  of  a  mile 
distant  from  each  other  within  the  sewers,  and  that  thus  the  drains  could  beeffec- 
tually  scoured.  He  estimates  that  the  cost  would  not  exceed  one  and  a  half  million : 
also,  that  the  Thames  should  be  embanked ;  within  which  embankment  it  is  pro- 
posed to  construct,  at  the  end  of  each  main  sewer,  three  reservoirs,  to  be  divided  into 
compartments  and  fitted  with  moveable  tanks  to  collect  the  sediment  produced  by 
deodorizing  with  lime.  Ornamental  chimney  shafts  with  furnaces  to  be  constructed 
near  the  mouths  of  the  main  sewers  for  the  purpose  of  drawing  off  the  noxious  gases, 
and  also  for  the  purpose  of  consuming  refuse  vegetable  matter.  The  resnltmg  ashes 
may  be  used  for  deodorizing  the  sewage. 

On  the  Application  of  Mechanical  Potoer  to  the  BeUows  of  Organs. 
By  D.  Joy. 
To  work  the  feeders  of  an  organ,  a  reciprocating  motion  alone  is  required ;  but  it 
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most  be  capable  of  perfect  regulation  down  to  an  infiiiitesimaltf  sloir  speed*  ani 
without  impairing  its  certainty  of  action  at  that  slow  speed.  Heoce  It  cannot  depend 
npon  tnomeotoni  to  pass  the  dead  points  at  the  top  and  bottom  of  the  stroke,  as  in  a 
steam  engine ;  and  for  simplicity  it  most  only  consist  of  one  cylinder.  It  nust  also 
be  abflolotely  independent  of  attention  or  Inbrication,  and  be  always  ready  fiir  nse. 

The  author,  after  detailing  the  results  of  a  number  of  experiments^  described  a 
engine  which  he  illostrated  with  drawings.  For  some  time  the  en^ne  continned  tn 
work  perfectly ;  hot  afterwards  difficolty  was  experienced  in  Inbrkating  the  Tnlve  apoe 
its  face,  this  requiring  attention  rarying  from  once  ft&  month  to  once  in  three  or 
six  montiis.  Varioos  metals  were  tried  relatiTely  for  the  Talve  and  face;  bot  all  after 
a  time  squeezed  out  the  lubricating  material  from  between  them«  and  cat  into  each 
other.  Glass  was  tried  with  no  better  success.  Lastly,  a  lignum  ntm  wmLrt  wm 
put  in  :  this  stood  every  test,  and,  though  taking  a  little  more  power  to  drive  wben 
(Nriginally  put  in,  it  was  found  to  need  no  lubrication  of  any  kmd,  the  water  actii^ 
in  Uie  place  of  it« 

The  peculiarities  of  the  engine  as  it  now  stands  are  —1st.  A  machine  giving  o«l  a 
reciprocating  motion  by  the  pressure  of  a  non-elastic  fluid,  and  capable  of  being  re^ 
golated  to  the  lowest  possible  speed  without  the  possibility  of  fiuUng  at  the  letvra 
stroke,  that  return  stroke  depending  upon  a  movement  completed  by  the  |Mevioas 
stroke.  2nd.  The  adaptability  of  this  machine  to  work  under  any  pressure  of  the 
afore-named  non-elastic  fluid,  entirely  free  from  the  shocks  usually  attending  sock 
machines  from  the  necessity  of  suddenly  changing  the  direction  of  the  moving  column, 
which  may  be  changed  as  slowly  as  requisite,  by  retarding  the  valve,  or  diminishing 
the  ouUet.    3rd.  The  entire  independence  of  attention  or  lubrication. 

The  organ  of  the  Leeds  Town  Hall  is  blown  by  five  of  these  engines.  They  are 
calculated  to  be  able  to  supply  50  cubic  feet  of  air  per  second,  at  a  pressure  equi  to 
a  column  of  water  of  6  inches,  and  when  working  at  ftill  speed  to  develope  a  power 
equal  to  about  8  horses,  as  calculated  by  Watt's  rule. 

On  the  Application  qfCambustibk  CampatmcU  to  be  used  in  Wur. 
By  John  Mackintosh. 

This  paper  relates  to  the  use  of  coal-tar,  naphtha,  or  other  hydro-carbons,  alone  or  in 
combination  with  other  materials,  to  be  used  as  an  agent  in  attack  and  defence ;  also 
to  the  application  of  hydro-carbons  mixed  with  gunpowder,  and  brought  to  a  plastic 
state  by  means  of  Indian  rubber  or  other  gums,  and  fibrous  materials,  introduced  into 
shells  and  other  missiles ;  also  in  filling  shells  with  coal-tar,  naphtha  containing  po- 
tassium, for  igniting  when  used  iufwater,  and  in  filling  shells  with  coal-tar,  naphtha 
mixed  i^th  phosphorus  and  bisulpnuret  of  carbon,  wi&  bursting  powder  sufficient  to 
open  the  shells. 

To  attack  fortresses  from  seaward,  the  author  would  generate  an  artificial  dense 
and  dark  foff,  capable  of  being  prolonged  at  pleasure,  in  front  of  the  batteries  to  be 
attacked,  which  would  render  them  untenable,  enabling  the  attacking  vesaeb  to 
approach  and  destroy  the  works  unmolested  by  any  hostile  fire. 

The  diaphragm  shells  filled  with  naphtha,  pnosi^orus,  and  Insulphuret  of  carbon, 
may  be  used  with  great  effect  against  cavalry  and  troops,  as  the  bursting  ctf  the  shell 
scatters  the  contents  in  all  directions. 

When  a  shell  containing  the  combustible  material  bursts  in  earthworks,  the  earth, 
being  porous  and  incombustible,  prevents  the  combustion  from  spreading  rapidly, 
but  allows  the  black  vapour  to  ooze  out  gradually,  causing  most  serious  annoyance 
to  the  enemy,  who  are  unable  to  extinguish  the  suffocating  #og,  and  are  hindered 
from  carrying  on  their  operations. 

It  may  be  brought  to  bear  with  most  satisfactory  results  against  an  enemy  en* 
camped  In  tents.  

On  Constmctinff  and  Laying  Telegraph  CaMes. 
By  John  Mackintosh. 
In  the  ordinary  process  of  expressing  the  gutta  percha  through  dies  in  a  fluid  state, 
the  covered  wire,  as  it  issues  from  the  die,  is  caused  to  pass  into  a  long  trou^  con- 
taining water,  for  the  purpose  of  setting  it,  but  great  difficulty  is  found  in  causing 
the  perfect  onion  of  the  different  coatupigs,  whiph  renders  the  in»utetio«  linbk  to 
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leakage.  In  order  to  obtiate  this  di£Sculty,  the  wire  is  coated  with  gutta  peltba  by 
means  of  rollers  mounted  on  parallel  axes,  and  revolving  in  contact  with  each  other. 
Each  of  these  rollers  is  grooved  in  its  periphery,  and  these  grooves  meet  to  form  an 
eye»  the  sizes  of  the  covering  desired.  Against  these  rollers  are  placed  hoppers,  in 
which  gutta  percha  or  Indian  rubber  is  placed,  iq  the  state  in  which  it  comes  from 
the  masticator.  This  Indian  rubber  or  gutta  percha  enters  and  fills  up  the  grooves 
of  the  rollers  I  and  where  they  come  together,  the  gutta  percha  or  India  rubber  in  the 
grooves  is  brought  together  in  one  piece  enclosing  the  conducting  wire.  The  longi- 
tudinal strength  and  obtension  are  obtained  by  imbedding  fibres  of  hemp,  flax,  or 
cotton  in  an  outer  layer  of  insulating  material ;  this  is  done  with  great  pressure. 
The  covering  is  subsequently  subjected  to  treatmebt  which  enables  it  to  resist  tropical 
heat,  and  affords  quite  sufficient  protection  against  ill  usage.  The  shore  ends  of  the 
cable,  or  for  shallow  water,  are  protected  with  strong  wire.  In  place  of  sulphuric 
acid,  Mr.  Mackintosh  recommends  the  use  of  chloride  of  sulphur,  mixed  with  a  sol- 
vent by  sulphuret  of  carbon.  Add  tb  this  from  2  to  4  per  cent,  of  chloride  of  sul- 
phur, and  then  pass  the  wire  through  It.  The  speed  at  which  the  covered  wire 
passes  through  the  liquid  is  ^d  regulated  as  to  allow  of  its  remaining  therein  for 
about  three  seconds,  and  this  process  closes  up  the  pores  thoroughly,  and  renders 
the  wire  much  less  likely  to  be  injured  by  heat  or  abrHsidd.  The  method  of  sub- 
merging  cables  prepared  by  the  author  waft  to  pass  them  through  an  apparatus  con- 
taining water  and  hard- wood  balls,  which  would  allow  of  the  accomplishment  of  the 
work  without  injuriug  tfkft  electrical  condition  of  tjtie  ropes. 

Oil  the  JSubmersion  of.  Electric  Cables,   .  By  J.  Maclean. 
The  author  proposes  a  plan  stated  to  possess  the  following  advantages : — 

1.  That  any  amount  of  slackable  cable,  from  a  few  feet  to  several  hundred  feet, 
might  be  obtained  by  adopting  the  plan  proposed,  so  as  to  meet  the  pitching  of  the 
vessel  in  a  heavy  sea,  or  any  sudden  stoppage  in  the  payings  out  machinery. 

2.  By  conducting  a  lever,  upon  which  the  spiral  springs  impinge,  to  the  paying- 
out  machine,  the  rate  at  which  the  cable  ought  to  be  paid-out  might  be  self- 
regulated. 

3.  Or  this  lever  mi^ht  have  an  indicator  such  as  a  dial-plate,  by  which  the  person 
who  superintends  the  paying-out  machine  could  see  that  a  strain  is  upon  the  cable, 
and  tiiat  more  is  instantly  wanted  ;— the  slackable  cable  in  the  apparatus  giving  him 
time  to  accelerate  his  machine,  before  the  strain  reaches  a  fixed  point. 

4.  The  plan  might  be  wrought  nearly  as  well  with  the  apparatus  lying  in  a  hori- 
zontal position, — of  course  allowing  the  compensation  weights  to  work  perpen* 
■dicularly. 

5.  The  strain  upon  a  cable,  equal  to  one  ton  each  mile,  could  never,  under 
ordinary  circumstances,  by  the  plan  proposed,  exceed  3000  lbs.,  which  is  only  one 
half  of  the  strain  caused  by  the  pitching  of  the  vessel  during  the  late  experiments  in 
the  Bay  of  Biscay. 

6.  By  passing  the  cable  under  and  over  grooved  wheels,  an  amount  of  friction 
^ould  be  created,  which  might  be  an  advantage  rather  than  a  disadvantage )  because, 
in  the  late  experiment,  it  was  found  that  the  cable  ran  too  svriftly,  and  that  it  was 
necessary  to  apply  breaks.  By  adopting  the  plan  described  above#  the  increasing  and 
decreasing  friction,  according  to  the  amount  of  strain,  would  act  as  a  self*reguhitiog 
hretk. 


On  the  Performance  of  Steam  Vessels^  the  Functions  of  the  Serew^  and  the 
BelaiUmsof  Us  Diameter  and  Pitch  to  the  form  of  the  VeteeL  By  Yice- 
Admiral  Moorsom. 

The  author  proposed  to  furnish  the  Association  with  such  further  information  on 
the  performance  of  vessels  at  the  measured  mile  as  may.  induce  them  to  appoint  a 
Committ^  with  the  specific  object  of  procuring  experiments  to  be  made  at  sea,  the 
records  of  which  -shall  be  kept  in  such  form  as  will  enable  competent  persons  to 
calculate  from  them  the  characteristics  of  vessela'  engines  and  screw  propellers,  so 
that  the  performance  x>f  each  may  be  duly  apportioned. 
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To  this  paper  are  appended  Forms  of  Returns  intended  to  farther  this  ob|ert. 
Considering  the  formula  R  »  AW  x  ^  to  be  the  foundation  of  all  sound  iodse- 

tion  on  the  question  of  resistances,  the  author  considers  also  that  at  present  Ms 
limit  of  application  is  to  the  mid-section  onl^,  irrespectiTe  of  hull,  masts,  and  rig- 
ging, and  to  the  resistance  in  smooth  water  with  calm  weather. 

There  are  modifications  of  this  equation  to  meet  the  increased  resistance  arising 
from  hull,  masts  and  rigging,  wind  and  sea,  and  the  form  of  the  vessel. 

But  these  modifications  embrace  only  a  very  small  range  of  the  additional  elements, 
because  no  properly-conducted  experiments  have  been  made  under  varied  conditsoiii 
at  8w. 

The  resistances  of  sections  which  have  come  within  the  author's  observatioD  are 
comprised  within  the  expressions^ 

B    =     SV^    and  SV! 
3582  3219» 

and  the  specific  resistances  doe  to  the  forms  of  vessels  lie  within  6  and  13  per  cent 
ofR. 

The  following  are  the  results  of  performance  at  the  measured  mile  of  the  Dake  of 
Sutherland's  yacht,  Undme,  in  July  1856,  and  July  1858  : — 

ISSS.  IS58. 

Ft.  la.  Fu  In. 

Screw  diameter  6  6  •.••  7  lO 

„     pitch 11  0  ....  11  3 

„      length  1  4  ....  1  4 

Draft  forward 8  3  •••.  8  6 

„     aft 11  3  ....  11  10 

8q.  ft.  Sq.  ft. 

Mid-section 148  ..«.  154 

Indicator  Horse-power 162  , . .  •  1 57 

Knots.  Knots. 

Speed 8-60  ....  9'26 

No.  of  revolutions 108*00  ....  108*74 

Slip  per  cent 26*52  ....  17*9 

Now,  the  first  observation  that  may  be  made  is,  that  the  larger  diameter  of  course 
produced  a  greater  thrust,  and  so  a  better  result.     But  this  does  not  follow. 

It  will  be  observed  that  the  pitch  is  considerably  less  in  proportion  to  the  diameter 
in  the  new  screw. 

The  slip  was  calculated  beforehand,  and  was  given  to  Lord  Sta£fbrd,  a  fortni^ 
before  the  trial,  as  about  17}". 

It  will  be  seen  that  the  mean  average  at  the  trials  was  17*9  per  cent.  Oo  the 
same  grounds,  then,  that  he  calculated  the  slip  of  the  Undine,  the  author  expressed 
the  opinion  respecting  the  Rattler, 

The  mean  of^  trials  in  Yarmouth  Roads,  under  favourable  conditions,  gives  a  slip 
of  15*798  per  cent,  when  the  Eattler'e  draft  of  water  was  about  12  feet  4  inches, 
her  section  300  square  feet,  and  speed  88  knots.  A  trial  in  the  Thames,  in  October 
1851,  with  a  mean  draft  of  13*9i  inches,  a  section  of  338  square  feet,  and  a 
speed  of  9*14 1  knots,  gives  a  slip  of  17*18  per  cent. 

The  screw  duly  adjusted  to  the  form  of  the  Rattler  would  make  a  slip  of  about 
12  per  cent. 

The  nature  of  the  slip  of  the  screw  may  be  illustrated  by  the  apparent  efifect  upon 
it  when  the  vessel  is  moving  in  a  tide-way. 

Out  of  the  seven  tripe  made  by  the  Undine,  at  the  measured  mile,  the  two  greatest 
extremes  are  selected,  viz. : — 

Against  Tide.  With  Tide. 

,     ^  Knots.  Knots. 

Speedofscrew ,  io*94  ....  10*64 

Do.vessel 7*32  ....  10*24 

Slippercent 33*09  ....  3*76 

Revolutions 98*61  ....  95*89 

Indicator  horse-power    146*32  ..••  131*64 
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The  mean  rate  of  the  tide,  therefore,  was  about  1*46  knot,  the  speed  of  thenMd 
through  the  water  about  8*78  knots,  and  the  mean  slip  about  18*42  per  cent.  Fn» 
these  data  may  be  danced  the  following  relations,  viz. : — 

That  the  dirtet  thrust  of  the  screw  against  the  tide  is  6877  lbs.,  and  the  resnltaot 
4499,  and  the  slip,  being  the  difference  of  the  ratio  of  the  square  roots  of  tUie 
quantities,  U  therefore  19*75  per  cent.. 

That  the  direct  thrust  with  the  tide  is  6498  lbs.,  and  the  resultaut,  as  before,  4439 ; 
the  slip  is  17*44  per  cent 

The  mean  slip  is,  consequently,  18*59,  which  is  sufficiently  near  the  former  ales- 
latton  of  18*49. 

A  further  deduction  is — that  the  resultant,  4429  lbs.,  is  at  leasi  equal  to,  or 
greater  than,  the  specific  resbtance ;  for,  if  not,  the  slip  would  not  hmve  approaditd 
$o  close  to  the  theoretic  ratio  which,  as  before  stated,  was  calculated  before  tke 
trial  took  place. 

This  principle  of  the  slip  may  be  used  to  correct  the  speed  of  the  Umdme  in  her 
run  (torn  Holyhead  to  the  Mull  of  Cantire,  when,  with  smooth  water  and  light  aiis, 
she  had  the  tide  with  her  the  greater  part  of  the  time. 

The  results  were  as  under,  viz.  :*• 

Indicator  horse-power    158*77 

Revolutions » <  98*40    - 

Speed  of  vessel » 9'97  kools  (bf  laod). 

„         screw » «.< ira6 

Slip   . . « I .......  * , 4        9*94  per  ceot^ 

Aasuming  tiie  standard  ratio  of  slip,  as  before  determined,  at  about  18  ptt  eent, 
Ihe  tide  appears  to  have  advanced  the  dpeed  Of  the  vessel  about  a  meatt  rate  of  0*17 
of  a  knot  per  hour,  and  therefore  reducing  the  speed  through  the  water  to  9*1  knok, 

J r  0*16  of  a  knot  slower  than  at  the  measured  faiile,  Uii  incUCator  horse-power  keiif 
*68  greater. 

The  Undine  waa,  it  is  believed,  deeper  in  the  watei^  oti  ihli  last  occSisioo. 

The  following  questions  arise  for  solution  by  means  of  ths  txperimsnti  whidi  itii 
my  object  to  procure  to  be  conducted  at  sea  i-^ 

In  any  given  vessel,  what  relatioiii  obtain  between  the  reslstaoee  due  to  her  sec- 
tion In  smooth  water  and  calm  weather,  and  the  resiitftnces  the  vessel  herself 
Qiperlences  under  various  conditions,  when  under  sail«  under  the  sctew^  and  under 
both} 

What  are  the  relations  in  any  given  endne  of  absorbed  power  at  different  Speeds  ? 

In  any  given  screw,  what  are  the  relations  between  its  length  and  its  «>eed  of 
rotation,  so  that  a  continuous  disc  shall  be  maiataissd  ?  and  what  Immer^n  m  rela- 
tion to  the  diameter  is  necessary  to  this  result  P 

What  are  tike  relations  between  the  direet  thrust  of  any  giveU  disc  and  its  r^suUaMt, 
4nd  the  consequent  effective  area  and  pitch  and  ratio  of  shp  ? 

Researches  of  this  nature,  if  carefully  conducted,  will  show  that  the  screw  is 
capable  of  more  aceurate  application,  and  more  extended  use,  than  has  yet  been 
made  of  it.  Its  slip  is  a  calculable  element,  provided  the  periphery  be  so  immersed, 
and  the  rotation  such  that  a  continuous  disc  is  maintained. 

The  limits  of  immersion  and  rotation  are  yet  to  be  determined. 

On  a  proposed  FUxOing  lAghikouse.    By  Joseph  John  Mijrprt. 

On  a  nmo  Doubk^cHng  Steam  Hammer,     By  William  Naylor,  kUe  ^ 
NorwidHnmDofS  New  Broad  Sire^Londony  B.C. 
In  considering  the  prfaiciple  of  the  double-action  steam  liammer,  we  may  drtir 
some  analogy  with  the  steam  gun  for  throwing  fHrojectiles,  and  assume  the  cylinder 
to  be  as  tiie  guni  and  the  piston  and  hammer  attached  as  the  ball.    Let  us  assoiie     . 
the  cylinder  as  one  foot  in  length,  with  the  top  cover  off",  and  the  relative  force  of 
steam  to  the  weight  of  the  hammer  such  as  by  the  time  the  piston  reached  the  top 
of  the  cylinder,  and  should  be  moving  at  a  velocity  of  32  feet  per  second,  it  would 
ascend  above  the  cylinder  16  feet,  and  when  it  had  returned  16  feet  by  gravity  it 
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would  have  acquired  a  velocity  of  83  feet  per  second.  Let  us  place  the  cover  on  the 
cylinder,  and  lift  up  the  hammer  as  before,  only,  instead  of  allowing  it  to  rise  up  into 
the  atmosphere  until  its  velocity  and  force  were  counteracted  by  gravity,  let  the  steam 
be  entirely  withdrawn  from  below  the  piston,  and  a  supply  introduced  upon  it. 
That  which  has  the  power  of  patting  it  in  motion  has  also  the  power  of  stopping  it, 
and  of  causing  it  to  return  with  the  same  velocity,  aided  also  by  that  which  is  due 
to  its  gravity ;  and  it  will  be  evident  that,  by  the  time  it  has  reached  the  object  it  is 
intended  to  strike,  it  must  have  acquired  more  than  32  feet  per  second,  although  the 
space  moved  through  is  only  one  foot.  So  much  for  the  effect  of  the  blow.  Now 
for  time.  We  have  assumed  that,  when  the  retarding  force  was  employed  upon  the 
piston,  it  was  moving  with  a  velocity  that  would  have  carried  it  16  feet,  and  it  was 
returned  with  a  still  greater  velocity  by  having  the  weight  of  the  hammer  with  it 
instead  of  against  it ;  so  that  the  time  must  be  considered  as  that  which  it  would  take 
to  rise  one  foot  at  such  a  velocity  as  would,  if  the  motive  power  were  withdrawn, 
have  sufficient  momentum  to  carry  or  throw  it  16  feet,  and  the  time  in  returning 
could  not  be  more  than  the  difference  in  time  of  a  body  falling  1 6  and  1 7  feet.  The 
double-acting  steam  hammer,  working  with  such  relative  force  and  weight,  would 
give  the  same  effect  as  the  single-acting  hammer  of  16  feet  range  j  but  as  to  time, 
there  would  be  about  30  blows  of  the  double-acting  hammer  to  one  of  the  single. 
This  hammer  is  also  capable  of  giving  very  light  blows  as  well  as  very  heavy  ones ; 
and  it  can  be  made  either  single  or  double  acting  by  the  circular  valve,  which  works 
longitudinally  in  its  chamber.  A  double  hammer  of  20  cwt.  at  work  in  Sheffield, 
has  attained  2U0  blows  per  minute ;  and  hammers  of  10  cwt.  have  given  250  blows 
per  minute.  These  hammers  are  under  the  most  perfect  control  of  the  workmen, 
and  can  be  worked  as  slow  as  necessary. 


On  a  Plan  far  giving  Alarms  in  Passenger  Trains. 
By  J.  O'Neill. 

ThAt  invention  consists  of  an  iron  bar  extending  under  each  carriage,  and  suspended 
on  a  pin  a  little  from  the  centre,  so  as  to  make  one  end  heavier  than  the  other. 

The  heavy  end  is  securely  held  in  a  bridle,  by  a  hanging  latch  at  the  end  of  the 
carriage. 

The  light  end  also  passes  through  a  bridle  at  the  other  end,  and  has  a  tongue 
which  draws  out  from  the  bar  and  reaches  under  the  latch  fixed  on  the  next  carriage. 

By  disengaging  any  of  the  latches,  the  heavy  end  falls ;  and  the  light  end,  in 
rising,  throws  up  the  next  latch,  and  so  on  to  the  guard's  van,  where  it  rings  an 
alarum. 

A  chain  or  wire,  fixed  to  the  latch  and  brought  into  the  carriage,  gives  each  pas- 
senger, in  the  event  of  danger,  the  means  of  giving  a  signal  to  the  guard ;  and  a 
duplicate  set  of  bars,  on  the  other  side  of  the  carriage,  enables  him  instantly  to  com- 
municate with  the  driver,  if  necessary. 

llie  end  of  each  tongue  has  a  rising  point,  riveted  loose ;  so  that  the  porter,  when 
coupling  the  carriages,  could  put  it  in  position  for  disengaging  the  latch,  in  case  the 
carnages  should  become  detached  by  the  breaking  of  the  coupling  chains. 

As  the  bars  are  not  connected,  any  number  of  carriages  can  be  taken  off  or  put 
on  at  a  station  by  merely  turning  the  loose  point  on  tiie  end  of  the  tongue  up  or 
down.  -—.—.«.. 

On  the  Gresham  Bw^^for  recording  the  Loss  of  Missing  Skips  a$  Sea. 
By  Sameb  Oldham^  C.E.,  Hull. 

The  ob|eet  of  this  paper  is  to  point  out  a  mode  by  which  a  record  of  the  loss  of 
ships  at  sea  may  be  attempted,  where  otherwise  no  account  would  ever  be  obtained. 
It  is  proposed  tiiat  every  sea-going  ship,  of  whatever  description*  and  purticnlarly 
those  cairying  passengers,  shall  be  provided  with  one  or  more  copper  buoys,  bearing 
the  name  of  tbe  vessel  and  the  port  to  which  she  belongs ;  that  they  shall  have  an 
Admiralty  mark,  and  a  Board  of  Trade  number. 

The  '*  Greriiam  Record  Buoy"  (so-called  from  having  been  suggested  by  John 
Orealitm^  Esq.,  of  Hull)  would  be  provided  with  a  chamber,  and  a  small  spring  vahre 
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in  the  upper  ptrt,  made  to  open  outwards,  and  capable  of  resisting  any  ordinary 
pressure.  Witnin  this  hollow  space  or  chamber  it  is  proposed  to  insert  a  slip  of  paper 
or  card,  or  any  other  document,  and  even  property,  if  made  large  enough*  when  all 
hope  of  safety  and  rescue  shall  fail ;  and  at  the  final  sinking  or  breaking  op  of  the 
ship  the  buoy  would  float  off,  with  the  probability  of  being  picked  up  at  some  time. 

The  "  Record  Buoy"  is  intended  to  be  made  of  strong  copper,  of  sufficient  size  to 
be  applicable  to  the  purpose,  painted  in  bright- red  and  white  stripes,  and  fitted  with 
a  small  bell  and  flag  on  the  upper  part. 

Three  important  advantages  are  to  be  derived  from  the  use  of  this  buoy,  viz,  :— 
1st.  The  mournful  satisfaction  to  surviving  friends  and  relations,  of  being  informed 
of  what  has  befallen  the  ship  and  crew ;  2ndly.  Satisfaction  to  Insurance  Companies 
and  insured,  that  the  ship  and  cargo  are  really  and  for  ever  lost ;  and  Srdly.  Tbe 
light  which  may  be  thrown  on  science,  as  such  records  would  probably  explain  the 
cause  of  accidents,  and  the  circumstances  attending  them, — for  instance,  whether 
owing  to  the  build  and  want  of  strength  in  a  ship,  failure  of  machinery  (in  case  oi 
a  steam  vessel),  or  having  struck  on  a  rock,  or  otherwise. 


On  the  Construction  of  Floating  and  Fixed  Batteries, 
By  G.  Rennie,  F.R.S. 

The  author  observed,  it  was  now  some  years  since  the  covering  of  the  exterior  of 
vessels  of  war  with  plates  of  iron  was  proposed  by  General  Paixhans,  of  the  French 
Artillery.  This  he  exposed  in  his  work,  and  stated  that,  to  enable  a  plate  to  resist  a 
32  lb.  shot,  it  would  require  a  thickness  of  several  inches,  and  that  from  the  great 
weight  of  plates  it  was  only  applicable  to  ships  of  the  line,  and  that  at  a  cost  of 
.3(^24,000.     On  the  commencement  of  the  late  Russian  war,  the  Emperor  of  the 
French,  who  had  paid  much  attention  to  the  subject,  brought  it  before  our  Govern- 
ment.   He  considered  that  it  would  very  much  facilitate  the  operations  then  about 
to  take  place  against  the  Russian  fortresses  of  Bomarsund,  Helsingfors,  Sweaboi^ 
and  Cronstadt.     Vessels  of  great  burden  and  strength  were  therefore  construct^ 
and  covered  with  massive  wrought-iron  plates  of  four  and  five  inches  in  thickness. 
The  results  of  the  few  trials  which  were  made  with  these  iron-plated  batteries  were 
published  in  the  journals  of  the  day,  but  their  success  was  considered  to  be  doubtful. 
Many  experiments  of  solid  and  hollow  shot,  fired  from  68-lb.  guns,  have  been  made 
recently  at  Woolwich  and  Portsmouth,  with  unfavourable  results.     These  resu/te 
led  the  author  to  think  that  little  or  no  success  had  hitherto  been  attained.    He 
therefore  proposed  to  use  inclined  or  curved  surfaces,  instead  of  flat  or  point  blank 
surfaces,  as  was  illustrated  in  the  models  exhibited.     One  of  these  was  a  floating 
battery,  or  man-of-war,  having  its  sides  cased  with  iron  plates  with  curved  surfaces; 
the  other   a  fixed  or  floating  battery,  also  with  curved  surfaces.     He  claimed  no 
other  originality  for  this  idea  than  in  the  curved  forms  of  the  plates.     Mr.  Rennie 
also  exhibited  various  specimens  of  felt  which  had  been  handed  to  him  by  General 
Sir  Charles  Shaw,  and  several  of  which  had  been  penetrated  to  a  limited  extent  by 
rifle  balls,  «..^___» 

On  a  Universal  Printing  Press.    By  T.  J.  Silbbrman. 

In  this  paper  the  author  describes  a  new  method  of  printing  by  applying  the 
pressure  of  a  fluid  to  a  yielding  surface,  laid  upon  an  unyielding  engraved  surface, 
and  this  whether  the  surface  printed  be  that  of  the  vessel  itself,  which  thus  becomes 
the  press,  or  whether  it  be  communicated  to  another  interposed  yielding  surface 
from  the  pliable  and  elastic  side  of  the  vessel,  so  as  to  print  plane,  curved,  ar 
angular  surfaces— or  whether  the  material  to  be  printed  be  paper,  felt,  textile  fabric, 
caoutchouc,  leather,  bladder,  ceramic  paste,  or  glass,  crystal,  or  enamel,  softened 
by  heat ;  or  whether  it  be  used  for  the  purpose  of  peripheric  printing,  as  in  tbe 
printing  of  terrestrial  and  celestial  globes,  of  vessels  of  glass  or  euthenware,  or  as  a 
modification  of  the  presses  in  use  for  other  kinds  of  printing. 

The  pressure,  being  that  of  a  fluid  ^mmunicated  through  a  uniformly  yielding 
surface,  will  be  absolutely  equal  at  every  point  of  the  surface ;  consequently  there 
will  be  no  danger  of  partial  pressure  on  the  plate,  nor  need  there  be  a  pressure 
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upon  any  part  of  the  plate  beyond  merely  what  is  necessary ;  so  that  the  maximum 
result  is  obtainable  with  the  minimum  of  pressure.  Convex  or  concave  surfaces  can 
l>e  as  easily  printed  as  plane  surfaces. 

The  auUior  describes  very  fully  the  different  methods  in  use  for  the  practical 
application  of  the  principle.  One  great  advantage  is  its  extremely  simple  construc- 
tion, and  the  small  space  it  occupies  relatively  to  other  presses ;  moreover,  a  much 
greater  number  of  impressions  can  be  taken  in  a  given  time  than  was  possible  here- 
tofore. 

As  to  the  sort  of  pressure  to  be  used ;  steam,  or  expanded  or  condensed  air,  the 
liydraalic  press,  the  screw,  the  cam,  or  the  eccentric  or  knee  lever  lock.  If  steam 
is  used,  the  waste  heat  will  warm  the  plates  in  copperplate  engraving,  and  will 
thus  get  rid  of  the  charcoal  dust,  which  is  so  injurious  to  the  health  of  the  workmen. 

Water,  on  the  whole,  appears  to  be  the  most  desirable  agent  on  account  of  its 
non-compressibility,  and  of  the  small  quantity  required  in  order  to  produce  very 
considerable  pressure ;  as  also  on  account  of  its  non-expansibility,  which  prevents 
the  possibility  of  an  explosion ;  for  if  any  breakage  takes  place,  the  water  simply 
runs  out.  

On  a  Universal  Cock.    By  T.  J.  Silberman. 


On  a  Wreck  Intelligencer.    By  R.  Smith. 

It  was  constructed  for  the  purpose  of  being  thrown  overboard  in  case  of  wreck 
or  any  other  serious  accident.  Formed  of  copper  in  the  shape  of  a  ball,  it  consisted 
of  two  hemispherically-shaped  shells,  coupled  together  and  water-tight,  and  in- 
tended to  contain  the  ship's  log  or  other  information  or  valuables.  It  was  painted 
in  brilliant  colours,  and  surmounted  by  a  glass  ball  cut  into  facets  at  the  top,  so  as 
to  shine  in  the  rays  of  the  sun. 


Remarks  on  tke  Bursting  cf  Guns  and  Cannon, 
ByS.  Smith,  F.B.C.S. 

About  sixty  years  ago,  the  Government  sent  down  to  Leeds  1,500  heavy  Prussian 
muskets  for  the  volunteers  of  that  day :  they  were  proved  by  the  late  Mr.  Calvert, 
in  a  place  near  School  Close.  He  (Mr.  Smith)  was  then  a  school  lad,  and  he  and 
his  fellow-scholars  used  to  go  and  see  the  muskets  proved,  and  they  were  sadly 
disappointed  if  some  of  these  old  arms  did  not  burst  during  the  trial.  When  they 
did  burst,  the  barrels  used  to  rise  many  feet,  and  describe  many  somersaults,  and 
then  he  and  his  fellow- scholars  were  delighted.  From  this  fact,  the  conclusion 
would  naturally  be  come  to,  that  where  the  gun  burst  at  the  breech,  the  force  of 
the  explosion  would  be  materially  diminished,  and  the  aim  of  the  shot  altered  also. 
His  object  was  to  prove  that  this  theory  was  not  correct.  Fifty  years  ago,  the 
eardener  of  Mr.  Elam  of  Sheepscar  was  brought  into  the  Leeds  Infirmary  to  have 
his  arm  taken  off,  and  he  told  this  story  of  his  accident: — He  (the  gardener)  said  he 
was  shooting  small  birds  in  the  garden,  and  after  firing  the  last  time,  he  observed 
he  had  killed  two  birds.  He  went  to  pick  them  up,  and  it  was  only  on  stooping 
down  to  do  so  that  he  discovered  that  his  hand  was  hanging  down  by  two  or  three 
tendons,  and  that  the  gun  barrel  had  burst.  He  (Mr.  Smith)  made  some  observa- 
tions about  the  accident.  In  the  first  place,  it  was  singular  that  the  man  should 
have  his  arm  blown  off,  and  not  know  it;  and  secondly,  it  struck  him  as  being  also 
singular  that  the  birds  should  be  killed,  although  the  gun  had  burst.  Ten  or  twdve 
years  afterwards,  when  he  (Mr.  S.)  became  surgeon  at  the  infirmary,  a  man  em- 
ployed as  watchman  at  Mr.  Benyon's  mill,  in  Meadow-lane,  was  brought  in  for 
treatment.  The  man  stated  that  he  was  coming  off  duty  about  five  o'clock  in  the 
mommg,  when  he  saw  a  crow  at  the  top  of  a  tree  seventy  yards  off.  He  fired  at  it, 
saw  it  drop,  and  found  he  had  killed  it,  but  the  most  singular  part  of  the  business 
was  that  his  gun  had  also  burst,  and  evidently  after  the  shot  had  left  it.  In  1855, 
a  cannon  was  fired  at  Woolwich,  and  the  ball  was  seen  to  pass  from  the  muzzle  of 
the  gun,  and  to  strike  the  butt.    Tlie  gun  afterwards  screwed  round,  burst  into 
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wewenl  fngments,  and  injmd  teveral  men  in  tiic  neigfaboiHbood  la  dw 
letter  case  aa  appreciable  amooot  of  tine  elapsed  between  the  ball  leartsg  tke 
muzzle  of  the  gnn  and  the  borstiDg  of  the  gon  at  the  breedu  His  Ihteory  come- 
qoently  was,  that  a  ball  disdiarged  from  a  gem  was  not  altered  in  its  force  and  am 
bj  the  borsting  of  the  arm,  bat  that  the  bursting  occorred  at  a  snbeeqaent  period 
to  the  discharge  of  the  balL    Mr.  Smith  has  seen  many  other  eaaea  pnmng  fte 


Om  Combimmi  SiKtm.    By  tke  Hoo.  J.  Wbathk&u. 

Belog  convinced  that  ordinary  steam  was  objectionable  because  it  was  too  mncfa 
saturated  with  water,  and  that  surcharged  steam  was  also  objectioiiable  for  an 
exactly  contrary  reason,  it  being  too  dry,  the  author  ooncdved  the  idea  of  com- 
bioing  the  two,  and  discovered  in  practice  not  only  that  the  objections  to  both  were 
removed,  but  that  in  combined  steam  a  new  power  was  produced — an  effectiTe  and 
economical  combination  of  fire  and  water,  applicable  to  all  purposes  for  whidi 
steam  is  employed. 

In  order  to  apply  this  new  system,  a  pipe,  in  addition  to  the  usual  steam  |Hpe 
which  conveys  the  ordinary  steam  away  from  the  boiler,  carrying  with  it  more  or 
less  water  in  a  liq^uid  state,  is  employed  to  convey  part  of  the  steam  from  the  bc^ 
through  pipes  which  are  convoluted,  or  otherwise  placed  in  any  convenient  form  in 
the  uptake  or  chimney  of  the  boiler,  and  is  joined  to  the  ordinary  steam  pipe  at  or 
near  tts  entrance  into  the  cylinder.  In  its  passage  through  these  pipes  this  steam 
w  more  or  leas  heated  to  a  temperature  of  SOO®  or  600°  Fahr.  by  the  waste  hett 
which  Is  passing  up  the  chimney :  this  heat,  thus  arrested,  is  conveyed  to  and 
utiKied  in  the  cylinder  at  temperatures  varying  between  800<>  and  4O0P«  instead  of 
at  the  low  temperatures  at  which  it  is  now  employed. 

From  various  eiperiments  which  have  been  made  by  the  British,  French,  aad 
United  States  Governments,  all  of  which  were  attended  with  the  most  satisfactoiy 
results,  which  are  fully  detailed  in  the  paper,  the  author  deduces  the  following 
general  inferences  i— 

I.  That  the  mixed  steam  participates  at  the  same  time  of  the  qualities  of  steam 
proper,  and  of  gas,  or  superheated  steam, — the  elasticity  of  the  one^  and  the  increased 
temperature  derived  from  the  other. 

if.  That  saturated  steam  contains  too  much  vesicular  water,  and  that  super- 
heated steam  has  too  much  the  nature  of  gas,  is  a  bad  conductor  of  heat,  and  gives 
with  difficulty  the  heat  neceMary  to  transform  it  into  mechanical  power. 

III.  That,  in  all  the  experiments  which  have  been  made  ef  the  mixed  steam,  the 
difference  in  the  temperature  of  the  steam  in  entering  and  leaving  the  cylinder  was 
greater  than  when  saturated  or  surcharged  steam  alooe  was  used ;  consequentiy,  as 
more  heat  was  utilized,  greater  mechanical  force  was  generated, 

IV,  It  seems  evident,  therefore,  that  the  mixture  contains  more  hUetU  caloric, 
which  b  rendered  BennhU,  and  consequentiy  converted  into  mechanical  power« 

The  advantages  which  it  possesses  over  the  use  of  ordinary  steam  are : — 

1st.  One*third  of  the  wear  and  tear  of  boilers  prevented,  inasmuch  as  only  two- 
thirds  of  the  usual  quantity  of  heat  Is  required ;  and,  as  only  two-thirds  of  the 
usual  quantity  of  water  is  needed,  one-third  of  the  deposit  in  boilers  is  prevented. 

2nd.  For  the  same  speed  smaller  boilers  can  be  used. 

3rd.  Increased  power  when  required  in  cases  of  emergency. 

4th.  Priming  effectually  prevented. 

5th.  Less  danger  from  explosion,  as  the  increased  power  is  exerted  in  the  cylinder, 
and  not  in  the  boiler. 

6th.  The  svstem  can  be  employed  to  any  boiler  now  in  use. 

7th,  One-third  of  the  space  now  occupied  by  coal  can  be  used  for  freight,  or 
steamers  may  go  one-third  farther  with  the  same  coal. 

8th.  Fewer  strokes  are  required. 

9th.  The  desired  pressure  readily  maintained  at  all  times. 
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On  Recent  Improvement  in  Baihpay  Signab*    By  C.  F.  Whitworth. 

The  recent  improvements  in  railway  signals,  known  as  Whitworth  and  Gibson's 
combined  patent,  consist  of  the  following  provisions : — 

Ist.  l^e  improved  releaser  for  aoxiliary  or  distant  signals,  which  operates  to 
protect  stations,  junctions,  opening  bridges,  and  other  parts  where  men  are  posted 
m  constant  charge. 

2nd.  Continuous  signals,  adapted  for  the  protection  of  intermediate  places 
between  distant  stations,  and  especially  where  there  are  tunnels  or  curved  cuttings 
or  inclines. 

3rd.  Announcing  bells,  which  may  be  only  mechanical  or  operated  upon 
magnetically,  acting  either  in  advance  or  in  rear  of  the  train,  so  as  to  indicate^ 
as  may  be  required,  the  position  of  trains  in  progress. 

4th.  The  air  vessel  or  cushion,  to  regulate  the  motion  of  the  signal  under  an 
excess  of  weight  advisable  to  ensure  the  due  action  of  the  danger  signal. 

5th.  The  compensation,  which  acts  as  a  perpetual  adjusting  screw  on  the 
wires ;  so  that,  whatever  the  temperature,  the  tension  will  always  be  equal. 

6th*  Tlie  engine  fog  signal,  which  is  so  arranged  as  to  operate  under  the  plat- 
form of  the  engine  whenever  a  signal,  at  danger,  is  unobserved,  either  through 
carelessness  or  impenetrable  mists. 

The  peculiarities  of  these  Inventions  are,  that  the  motion  of  the  signal  is  totally 
irrespective  of  the  velocity  or  impetus  of  the  train  effecting  it ;  also  that  the  first 
wheel  which  passes  the  signal -post  acts  on  the  lever  completely,  and  so  depresses 
the  lever  in  contact  as  to  prevent  its  rising  against  any  subsequent  wheel  in  the 
train. 

The  author  then  described  by  the  aid  of  diagrams  and  models  these  various  im- 
provements, and  also  illustrated  in  addition  a  method  of  signaling  by  telegraph, 
whi(^  could  be  attached  to  the  previously-described  machinery,  when  required, 
when  the  same  depression  of  the  lever  before  referred  to  in  connexion  with  tiie 
first  signal-post  brings  into  contact  a  small  lever  and  stud,  thereby  completing  the 
electric  current,  and  acting  upon  an  electro-magnetic  bell  placed  in  any  suitable 
situation  in  advance  or  in  rear  of  the  moving  train, — the  bell  ringing  continuously 
until  the  second  signal  apparatus  be  reached,  when  the  second  lever  breaks  the 
current  simultaneously  wim  releasing  the  first  signal  and  setting  the  second  to 
danger.  

On  an  Instrument  far  setting  out  Curve  Lines.    By  R.  P.  Williams. 
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On  some  remarkable  Yorkshire  Fossils^  including  the  umque  Plesiosauri  in 
the  Museum  at  Yorky  with  pictorial  restorations  by  Mr.  Waterhouse 
Hawkins.    By  Edward  Charlesworth,  F.G.S. 


On  an  Ichthyolitefaund  in  the  Devonian  Slates  of  Bast  Cornwall. 
By  W.  Pengelly,  F.G.S. 
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Onthe  TriUfbiU  found  at  the  KnoU  HiU,  NewUm  Ahboa. 
By  W.  Penoklly,  F.G.S. 


On  the  discovery  of  Strata  of  supposed  Permian  Age^  in  the  interior  of  NarA 
America^  by  Mr.  Meek  and  other  American  Geoloyists*    JB^   Profesor 

ROOBRS. 


Observations  on  the  Arrangement  of  snudl  Stones  on  certain  hare  Levels  m 
Northern  lA>calities,     By  John  Wo l ley,  Jun.,  M.A. 


BOTANY. 
On  the  Plants  of  the  Oolitic  Moorlands.    By  J.  H.  Davis. 
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cording anemometer,  306. 

Belfast,  meteor  seen  at,  166;  report  of 
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Petzval's  new  combination  lens,  13; 
on  the  use  of  amethyst  plates  in  expe- 
riments on  the  polarization  of  light,  %b, 

Brixham,  ossiferous  cavern  at,  106. 

Brodrick  (C.)  on  the  roof  of  the  new 
Town  Hall,  Leeds,  207. 

Brooke  (C.)  on  additions  to  the  micro- 
scope, 143. 

Broun  (Mr.)  on  the  successful  establish- 
ment of  a  meteorological  and  magnet- 
ical  observatory  at  Travancore,  and 
results  of  magnetical  observations  at 
Trevandrum,  30 ;  notice  of  the  Kani- 
kars,  a  hill-side  tribe  in  the  kingdom 
of  TVavancore,  148. 

Brown  (Samuel)  on  the  financial  pro- 
spects of  British  railways,  172. 

Buckton,  (J.)  on  the  articles  shown  in 
the  Mechanical  Section  of  the  Leeds 
exhibition  of  local  industry,  208. 
Buoy,  Gresham,  for  recording  the  loss  of 
missing  ships  at  sea,  219. 


Cables,  on  constructing  and  laying  tele- 
graph, 214;  apparatus  for  laying  down 
submarine  telegraph,  ib. ;  on  the  sub- 
mersion of  electric,  215. 

Caimes  (Prof.)  on  the  laws  according  to 
which  a  depreciation  of  the  precious 
metals  consequent  upon  an  increase  of 
supply  takes  place,  considered  in  con- 
nexion with  the  recent  gold  discoveries, 
174. 

Calvert  (F.  Crace)  on  the  expansion  of 
metals,  alloys,  and  salts,  46. 

Cambridge,  on  remains  of  new  and  gi- 
gantic species  of  Pterodactyle  from  the 
upper  greensand,  near,  98. 

Cannon,  on  the  bursting  of,  221. 

CarlUe  (Warrand^  on  dials  which  give  the 
latitude,  the  line  of  north  and  south, 
and  chronometer  time,  41. 

Carrett  (W.  E.)  on  some  modem  ap- 
pliances for  raising  water,  208. 

Carrington  (Dr.)  on  the  geological  distri- 
bution of  plants  in  some  districts  of 
Yorkshire,  115. 

Cavern,  ossiferous,  at  Brixham,  106. 


Cayley  (A.)  on  the  notion  of  distance  in 
analytical  geometry,  3. 

Chadwick  (Edwin)  on  the  progress  of  the 
principle  of  open  competitive  examina- 
tions, 175. 

Charlesworth  (Edward)  on  some  remark- 
able Yorkshire  fossils,  including  the 
unioue  Plesiosauri  in  the  Museum  at 
York,  with  pictorial  restorations  by 
Mr.  Watcrhouse  Hawkins,  223. 

Chemical  elements,  on  the  relation  of  the 
atomic  weights  of  the  families  of  the, 
57,  59. 

Chemistry,  41  ;  address  to  the  Section  by 
Sir  J.  t.  W.  Herschel,  Bart.,  ib. 

Chesney  (Maj.-Gen.)  on  the  extension  of 
communications  to  distant  places  by 
means  of  electric  wires,  148. 

Civilization  and  comfort,  trade  and  com- 
merce the  auxiliaries  of,  169. 

Coal,  on  the  vegetable  structure  visible  in 
the,  of  Nova  Scotia,  80. 

Coal-basin,  on  the  marine  shell  bed  of 
the  S.  Wales,  80. 

Coal-measures,  on  two  new  species  of 
Crustacea  from  the,  in  Queen's  County, 
76. 

Coal-tar,  on  the  purple  dye  obtained 
from,  58. 

Cock,  on  a  universal,  221. 

Cole  (Robert),  account  of  Lewis  Paul  and 
his  invention  of  the  machine  for  spin- 
ning cotton  and  wool  b^  rollers,  and 
his  claim  to  such  invention,  to  the  ex- 
clusion of  John  Wyatt,  208. 

Coleoptera,  myrmecophilous,  129. 

Collingwood  (Cuthbert)  on  the  migration 
of  birds,  121. 

Collodion  processes,  on  dry,  71. 

Comets,  on  the  constitution  of,  30. 

Conybeare  (H.)  on  the  physical  geogra- 
phy of  the  neighbourhood  of  Bombav, 
as  affecting  the  design  of  the  works 
recently  erected  for  the  water-supply 
of  that  city,  149 ;  on  an  apparatus  for 
laying  down  submarine  telegraphic 
cables,  208. 

Coombe  (Mr.)  on  expanding  pulleys,  209. 

Cooper  (E.  J.)  on  tne  perihelia  and  as- 
cending nodes  of  the  planets,  27. 

Cottons,  on  the  causes  of  the  fall  in  price 
of  manufactured,  178. 

Coventry  provident  dispensary,  some 
statistics  of  the,  170. 

Crawiurd  (J.)  on  the  effects  of  commix- 
ture, locality,  climate,  and  food  on  the 
races  of  man,  149. 

Credit  mobilier,  recent  history  of  the,  194. 

Crime  and  punishment,  on  subjects  con- 
nected with,  199. 
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Crops,  on  the  annual  yield  of  nitrogen 
per  acre  in  different,  52. 

Grosskill  (Alfred)  on  reaping  macbinery 
309. 

Crustacea  (Bellinurus,  Konig)  from  the 
coal  meaaures  in  Queen's  County,  on 
two  new  species  of,  76. 

Crystaliisation,  on  a  fresh  form  of,  which 
takes  place  in  the  particles  of  fallen 
snow  under  intense  cold,  40. 

Cull  (Richard)  on  Dr.  Prichard's  identi- 
fication of  the  Russians  with  the  Rox- 
oUni,  148. 

Cumberland,  West,  on  some  pbsenomena 
at  the  junction  of  the  granite  and  schis- 
tose rocks  in,  106;  on  the  hcematite 
ores  of,  ih* 

Curre  lines,  on  an  instrument  for  setting 
out,  223« 

Curves  and  curved  surfaces,  on  the  mutual 
relations  of  inverse,  3. 

Cuttle-fish,  on  the  crystalline  lens  of  the, 
10. 

Cyclopteris  Hibemica  {Forbes),  on  the 
fructification  of,  75. 

Dale  (Rev.  T.  P.)  on  some  optical  pro- 
perties of  phosphorus,  15. 

Davis  (J.  H.)  on  the  plants  of  the  oolitic 
moorlands,  224. 

Davy  (Dr.  J.)  on  the  fishes  of  the  Lake 
District,  122 ;  observations  on  the  Lake 
District,  149. 

Dawson  (Prof)  on  the  vegetable  structure 
visible  in  the  coal  of  Nova  Scotia,  80. 

Deeds,  registry  of,  in  the  West  Riding, 
175. 

De  Luca  (M.),  on  his  claim  to  be  the  dis- 
coverer of  the  non-presence  of  iodine 
in  the  atmospheric  air,  rain-water,  and 
snow,  56. 

Dials  which  give  the  latitude,  the  line  of 
north  and  south,  and  chronometer  time, 
41. 

Dibb  (J.  £,)  on  registry  of  deeds  in  the 
West  Riding,  175. 

Digestion,  ezperhnents  on,  135. 

J)imorphodon,  97. 

Dingle  (Rev.  O.)  on  a  new  case  of  bino- 
cular vision,  15;  on  the  configuration 
of  the  surface  of  the  Earth,  150. 

Dircks  (Henry)  on  an  apparatus  for  ex- 
hibiting optical  illusions  of  spectral 
phenomena,  14. 

Dispensaries,  notes  on  self-supporting, 
170. 

Donati's  comet,  on,  28. 

Donnelly  (Mr.),  manner  in  which  agricul- 

.  tural  statistics  are  collected  in  Ireland, 
176. 


Donohoe   (Consul)   mi  FlK»fic    nflw^ 

schemes,  149. 

Dorsetshire,  on  a  remarkable  deposit  of 
carbonate  of  lime  about  Ibasila  in  iSbe 
lower  lias  of,  51. 

Drainage  of  the  metropolis,  on  the,  213. 

Draper  (C.  L.)  on  electro-magnetisBi»  35. 

Drummond  (J.)  on  the  development  of  a 
physical  theory  of  terrestrial  magnet- 
ism, 25 ;  on  the  intensity  of  the  ter- 
restrial magnetic  force,  24. 

Dry  dock,  on  a  floating,  206. 

Dye,  on  the  purple,  obtained  from  ooil- 
tar,  58. 


Eamshaw  (Rev.  S.)  on  the  naathemalkBl 

theory  of  sound,  34. 
Earth,  on  the  distribution  of  heat  in  d>e 

interior  of  the,  23 ;  on  the  coii%ai»* 

tion  of  the  surface  of  the,   150;   on 

the  general  and  gradual  desiccation 

of  the,  and  atmoepbere,  156. 
Earthworms  and  larvss  of  an  uncUacnbed 

species,  on,  129. 
Education,  degree  of,  of  persona  tried  at 

the  Middlesex  Sessions,  168. 
Edwards  (J.  Baker)  on   nitro-glyoeiine 

and  other  xyloids,  47. 
Elder  (J.  J.)  on  double  cylinder  exptOEf 

sion  marine  engines.  210. 
Electric  cables,  on  the  subvnenioa  o^ 

215. 
Electric  lamp,  on  an  improved,  55. 
Electric  wires,  extension  of  communica- 
tion to  distant  places  by  means  of,  I4B* 
Electrical  discharges,  on  induced,  taken 

in  aqueous  vapour,  25;   obserred  in 

highly  rarefied  carbonio  acid  in  contact 

with  potash,  50. 
Electricity,  24. 
Electrodes,  on  the  influence  of  light  on 

polariied,  17. 
Electro- magnetism,  on,  25. 
Elementary  bodies,  on  the  indeatmeti. 

bility  of,  6. 
Ellis  (R.  L.)  on  the  cause  of  the  inatinc> 

tive  tendency  of  bees  to  fbrm  hexagonal 

cells,  122. 
England,  woollen  manufacture  of,  158 ;  on 

the  history  of  flax-spinning  in,  184. 

fntomostraca,  77. 
nys  (J.  S.),  photographs  of  quarries 
near  Penrhvn,  showing  the  structure 
of  granite,  80. 
Equilibrium,  on  the  conditiona  of,  in  a 

rotating  spheroid,  5. 
Ethnology,  143. 

Examinations,  on  the  progress  of  the  prin- 
ciple of  open  competitive,  175;   oa 
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?ubiio  senriee,  academies  and  t6achen'« 
76* 
Eye,  on  the  stnicture  of  the  choroid  ooat 

of  the,  141. 
Rye-ball,  on  the  form  of  the,  139. 
Eyton  (T.  C.}  on  the  arrange ment  of  birds, 
122;  on  the  oyster,  123. 

Fens  of  Lincolnshire,  on  the,  113. 

Fibres,  Indian,  195. 

Fishes,  on  the  fossil,  and  yellow  sand* 
atone,  74;  of  the  lake  district,  122. 

Fison  (Mrs.  W.)  on  the  importance  of  a 
colonial  penny  postage,  viewed  in  rela-^ 
tion  to  the  adirancement  of  science  and 
Christian  civilisation,  177. 

Flagslones,  Yorkshire,  and  their  fossils,  78. 

Flax-spinning  in  England,  on  the  history 
of,  184. 

Foramen  centrale  of  the  retina,  on  vision 
through  the,  7. 

Foasils,  on  a  remarkable  deposit  of  car- 
bonate of  lime  about,  iu  tlie  lower  lias 
of  Dorsetshire,  51 ;  of  the  Yorkshire 
flagstones,  78;  on  certain  vermiform, 
found  in  the  mountain  limestone  dis- 
tricts of  the  N.  of  England,  80 ;  on  the 
distortion  of,  81 ;  on  some  remarkable 
Yorkshire,  223. 

FouUe  (Dr.)  on  some  observations  con- 
nected with  the  anatomy  and  Ainctions 
of  the  third,  sixth,  and  seventh  pairs  of 
nerves  and  the  medulla  oblongata,  134. 

Fowler  (Richard)  on  the  sensational, 
emotional,  intellectual,  and  instinctive 
oapadties  of  the  lower  animals  com* 
paired  with  those  of  man,  134. 

Fowler  (R.  J.)  on  the  estimation  of  acti* 
nism,  47. 

Free  trade,  in  Belgium,  184;  on  the  re- 
sulto  of,  201. 

Frome,  on  triassic  beds  near,  93* 

Gages  (Alphonse)  on  a  method  of  ob- 
servation applied  to  the  study  of  some 
roetamorphic  rocks,  and  on  some  mole* 
cular  changes  exhibited  by  the  action 
of  acids  upon  them,  48 ;  on  a  new  va- 
riety of  pyro-electric  wavellite,  49, 

Galton  (F.)  on  a  hand  heliostat  for  the 
purpoee  of  flashing  sun  signals  fVom 
on  board  ship  or  on  land  in  sunny  cli* 
mates,  15  ;  on  a  hand  heUostat,  211. 

Cramma  Virginis,  on  the  results  of  the 
measures  of,  for  the  epoch  1858,  29. 

Gardens,  suburban,  117. 

Garner  (Robert)  on  the  anatomv  of  the 
brain  in  some  small  quadrupeds,  123. 

Gaisiot  (J*  P.)  on  induced  electrical  dis- 
charges taken  in  aqueous  vapour,  25  ; 


on  the  nhoephorefcent  appearance  of 
electrical  discharges  in  a  vacuum  made 
in  flint  and  potash  glass,  26 ;  on  elec- 
trical dischaiges  as  observed  in  highly 
rarefied  carbonic  acid  in  contact  with 
potash,  50. 

Geese,  on  the  British  wild,  131. 

Geldart  (Rev.  G.  C),  knguage  no  test  of 
race,  150. 

Geography,  143. 

Geology,  72,  223. 

Geometry,  on  the  notion  of  distance  in 
analytical,  3. 

Gilbert  (J.  H.)  on  the  annual  yield  of 
nitrogen  per  acre  in  different  crops,  52. 

Gipsies,  on  the  race  and  language  of  the, 
195. 

Gladstone  (Dr.)  on  some  optical  proper- 
ties of  pnosphorus,  15 ;  on  the  fixed 
lines  of  the  solar  spectrum,  17;  on  re- 
ciprocal decomposition  between  salts 
and  their  acid  solvents,  50. 

Gladstone  (George)  on  a  remarkable  de- 
posit of  carbonate  of  lime  about  fossils 
in  the  lower  lias  of  Dorsetshire,  51. 

Glass,  flint,  and  potash,  on  the  j^hospho- 
rescent  appearance  of  electrical  dis- 
charges in  a  vacuum  made  in,  26 ;  on 
the  peculiar  action  of  mud  and  water 
on,  45. 

Globes,  on  the  special  printing  o(  154. 

Glynn  (Joseph)  on  the  economy  of  watet 
power,  212. 

Gneiss  rocks  in  the  M.  of  Scotland,  on  the 
age  and  relations  of  the,  96. 

Gold  discoveries  the  cause  of  a  depreda- 
tion of  the  precious  metals,  174. 

Gore  (George),  apparatus  showing  ihe 
correlation  of  forces,  and  heating  ef- 
fects, by  mechanical  operations,  on  a 
peculiar  form  of  antimony,  26. 

Greenhow  (H.  M.^  on  the  people  of  Gnde, 
and  of  their  leaaing  characteristics,  151 « 

Grove  (W.  R.)  on  the  influence  of  light 
on  polarized  electrodes,  1 7. 

Guns  and  cannons,  on  the  bursting  o^ 
22U 

Hail,  on  the  formation  of,  35. 
Hammer,  steam,  on  a  new  double  acting, 

218. 
Hancock  (Albany)  on  certain  vermiform 

fonils  found  in  the  mountain  limestont 

districU  of  the  N.  of  England,  80. 
Harkness  (Prof.)  on  the  distortion  of  fbs- 

sils,  81 ;  on  the  origin  of  the  breccias 

of  the  southern  portion  of  the  valley  of 

the  Nith,  Scotland,  ib, 
Harley  (Dr.G.),  experimentsondlgestiont 

135. 
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Harrison  (J.  Park)  on  lunar  influence  on 
temperature,  36. 

Hart  (William),  on  an  improved  electric 
lamp  invented  and  manufactured  by> 
55. 

Hartwcll  House  Observatory,  on  a  new 
variable  star  (R.  Sagittarii)  discovered 
at,  29. 

Heat,  (5;  on  the  distribution  of,  in  tbe 
interior  of  tbe  earth,  23 ;  on  some  ex- 
periments on  mdiant,  involving  an 
extension  of  Provost's  theory  of  ex- 
changes, ib. 

Heliostat  for   the    purpose  of  flashing 
'  sun   signals,  from   on   board  ship  or 
on  land,  in  sunny  climates,  15 ;  on  a 
band,  211. 

Hennessy  (J.  Pope)  on  Dr.  Whewell*s 
views  respecting  the  nature  and  value 
of  mathematical  definitions,  3 ;  on 
some  properties  of  a  series  of  the 
powers  of  the  same  number,  4;  on 
tbe  causes  of  tbe  fall  in  price  of  manu- 
factured cottons,  1 78 ;  on  some  of  tbe 
results  of  the  Society  of  Arts'  Examin- 
tions,  180. 

Hennessy  (Prof.)  on  the  beating  of  tbe 
atmosphere  by  contact  with  the  earth's 
surface,  36  ;  on  tbe  decrease  of  tempe- 
rature over  elevated  ground,  ib, 

Herscbel  (Sir  J.  F.  M.,  Bart.),  address  to 
tbe  Chemical  Section,  21. 

Hey  wood  (James)  on  public  service,  aca- 
oemic,  and  teachers'  examinations,  176. 

Higgins  (Rev.  H.  H.)  on  the  death  of  the 
common  hive  bee,  supposed  to  be  oc- 
casioned by  a  parasitic  fungus,  1 24 ; 
on  the  liability  of  shells  to  injury  from 
tbe  growth  of  a  fungus,  128. 

Hincks  (Rev.  T.)  on  a  new  species  of 
Laomedea,  126;  on  some  new  and  in- 

'   teresting  forms  of  British   zoophytes, 

•    128. 

Hopkins  (William),  address  to  tbe  Geolo- 
gical Section,  72. 

Hopkinson  (J.)  on  the  cause  of  steam* 
boiler  explosions,  and  means  of  pre- 
vention, 212. 

Hotbam,  on  tbe  comparative  geology  of, 
96. 

Huggate,  on  meteorological  observations 
at,  for  1857,  38. 

Huggon  (W.)  on  tbe  alkaline  waters  of 
Leeds,  51. 

bumpbry  (G.  M.)  on  tbe  homology  of 
tbe  skeleton,  126. 

Hunt  (Robert)  on  tbe  mineral  produce  of 
Yorkshire  in  1857,  181. 

Huxley  (Prof.  T.  H.)  on  tbe  genus  Pte- 
raspis,  82. 


Hwanff-bo,  on  tbe,  152. 
Hyperbola,  on  a  mode  of  constructing  tBe 
rectangular,  by  points,  5. 

Ichthyolite  found  in  tbe  Deyooian  slates 

of  East  Cornwall,  223. 
Induction  coil,  on  an  improved,  26. 
Industrial  classes,  on  the  iuvestmcuts  of 

the,  168. 
Investments  of  the  industrial  classes,  on 

the,  168. 
Iodine,  on  M.  de  Luca's  claim  to  be  the 

discoverer  of  tbe  non-presence  of,  in 

the  atmospheric  air,   rain-water,  and 

snow,  56. 
Ireland,   manner  in  which   agricultural 

statistics  are  collected  in,  1 76. 
Iron,  pig,  on  tbe  manufacture  of,  in  the 

neighbourhood  of  Leeds,  204. 
Iron  trade  of  Leeds,  183. 

James  (Colonel)  on  refraction,  38 ;  on  tbe 
geometrical  projection  of  two-thirds  of 
the  surface  of  the  sphere,  151. 

James  (James)  on  tbe  worsted  manufac- 
tures of  Yorkshire,  182. 

Jones  (E.)  on  the  drainage  of  tbe  metro- 
polis, 213. 

Jones  (H.  Bence)  on  Prof.  Scbonbein's 
latest  experiments  on  tbe  allotropic 
conditions  of  oxygen,  52. 

Joy  (D.)  on  the  application  of  mechani- 
cal power  to  the  bellows  of  organs, 
213. 

Kanikars,  a  bill-side  tribe  in  Travancore, 

notice  of  the,  148. 
King  (Prof.  W.)  on  the  jointed  structure 

of  rocks,  particularly  as  developed  in 

several  places  in  Ireland,  83. 
Kitson  (James,  jun.)  on    the  iron  trade 

of  Leeds,  183. 
Kraw,  on  the  project  of  a  canal  across  tbe 

isthmus  of,  153. 

Ladd  (W.)  on  an  improved  induction 
coil,  26 ;  on  improvements  in  micro- 
scopes, 143. 

Lake  district,  on  tbe  fishes  of  the,  122; 
observations  on  tbe,  149. 

Lamp,  on  an  improved  electric,  55. 

Lancashire,  north,  on  the  bsmatite  ores 
of,  106. 

Language: — no  test  of  race,  150;  on  tbe 
general  distribution  of  tbe  varieties  of, 
and  physical  conformation,  151 ;  on 
tbe  race  and,  of  tbe  gipsies,  195. 

Lankestcr  (Dr.  E.)  on  an  instrument  for 
measuring  tbe  constant  intensity  ai 
ozone,  52. 
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Xaomedea,  new  species  of,  126. 

Xrfitham  ( Dr.)  on  the  general  dbtribution 
of  the  varieties  of  language  and  physical 
conformation,  with  remarks  upon  the 
nature  of  ethnological  groups,  151. 

Lawes  (J.  B.)  on  the  animal  yield  of  ni- 
trogen per  acre  in  different  crops^  52. 

I^ead,  on  the  action  of  hard  waters  upon, 
54. 

Xieaves,  on  the  colours  of,  115. 

Lee  (Dr.)  on  the  results  of  the  measures 
of  Gamma  Virginis  for  the  epoch,  1858, 
as  determined  by  Admiral  Smytli,  29 ; 
on  the  daily  comparison  of  an  aneroid 
barometer  with  a  Board  of  Trade  baro- 
meter by  captains  of  ships  at  sea,  38. 

Leeds,  on  the  alkaline  waters  of,  51 ;  on 
the  sanitary  and  industrial  economy  of 
the  borough  of,  164;  on  the  iron  trade 
of,  183;  on  the  manufacture  of  pig 
iron  in  the  neighbourhood  of,  204; 
on  the  roof  of  the  new  Town  Hall  at, 
207. 

Lens,  on  certain  abnormal  stntctures  in 

•  the  human  crystalline,  and  of  animals,  7 ; 
on  the  crystalline,  of  the  cuttle-fish, 
10;  on  Prof.  Petzval's  new  combina- 
tion, 13. 

Lewes  (G.  H.)  on  the  spinal  chord  a  sen- 
sational and  volitional  centre,  135. 

Lichens,  on  calorific,  45. . 

Light,  6 ;  on  the  use  of  amethyst  plates 
in  experiments  on  the  polarization  of, 
13;  on  the  influence  of,  on  |H>larized 
electrodes,  17. 

Lighthouse,  floating,  on  a  proposed, 
218. 

Limestone  districts  of  the  N.  of  England, 
on  certain  vermiform  fossils  found  in 
the,  80. 

Lincolnshire,  on  the  fens  and  submarine 
forests  of,  1 13. 

Lindsay  (Dr.  W.  Lauder)  on  the  action 
of  hard  water  upon  lead,  54. 

Local  Industry,  on  some  of  the  articles 

•  shown  in  the  mechanical  section  of  the 
Leeds  exhibition  of,  206. 

Lockhart(  William)  on  the  Yang-tse-keang 

and  the  Hwang-ho,  or  Yellow  River, 

152. 
Lungs,  on  the  quantity  of  carbonic  acid 

evolved  from  the,  under  the  influence 

of  various  agents,  142. 

Macadam  (Dr.  Stevenson)  on  M.  de 
Luca's  claim  to  be  the  discoverer  of  the 
non-presence  of  iodine  in  the  atmo- 
spheric air,  rain-water,  and  snow,  56 ; 
on  the  production  of  a  frosted  surface 

•  on  articlet  made  of  aluminium,  ib. 


Macintosh  (John)  on  the  application  of 
combustible  compounds  to  be  used  in 
war,  214;  on  constructing  and  laying 
telegraph  cables,  ib, 

Maclean  (J.)  on  the  submersion  of  electric 
cables,  215. 

Mseren  (M.  Corranadcr)  on  free  trade  in 
Belgium,  184. 

Magnetic  dip  at  Stockholm,  on  the,  27. 

Magnetic  force,  on  the  intensity  of  the 
terrestrial,  24. 

Magnetism,  24 ;  on  the  development  of  a 
physical  theory  of  terrestrial,  25. 

Man,  on  the  sensational,  emotional,  in- 
tellectual, and  instinctive  capacities  of 
the  lower  animals,  compared  with  those 
of,  134;  on  the  effects  of  commixture, 
locality,  climate,  and  food  on  the  races 
of,  149. 

Marine  engines,  on  double  cylinder  ex- 
pansion, 210. 

Markham  (C.R.)  on  the  navigation  of  the 
Ucayali,  an  affluent  of  the  Amazons, 
153. 

Marshal]  (J.G.)  on  the  geology  of  the 
Lake  District  in  reference  especially  to 
the  metamorphic  and  igneous  rocks, 
84  ;  on  the  history  of  flax-spinning  in 
England,  especially  as  developed  in  the 
town  of  Leeds,  184. 

Mathematical  deflnitions,  on  Dr.  Whe- 
well's  views  respecting  the  nature  and 
value  of,  3. 

Mathematics,  I. 

Matthews  (William),  photograph  of  the 
quarry  of  Rowley  Rag  at  Ponk  Hill, 
Walsall,  03. 

Matthiessen  (J. A.)  on  the  combustibility 
and  other  properties  of  the  rarer  metals^ 
57. 

M*Craw  (W.)  on  a  new,  cheap,  and  per- 
manent process  in  photography,  18. 

Mechanical  Science,  on  the  progress  of, 
201. 

Medulla  oblongata,  on  the  anatomy  and 
functions  of  the  third,  sixth,  and  seventh 
pairs  of  nerves  of  the,  134. 

Mercer  (John)  on  chromatic  photographs, 
57 ;  on  the  relation  of  the  atomic 
weights  of  the  families  of  the  elements, 
ib. ;  on  the  atomic  weights  of  the  ele- 
ments of  six  chemical  families,  59. 

Metals,  on  the  expansion  of,  46 ;  on  the 
combustibility  and  other  properties  of 
the  rarer,  57. 

Meteorological  observations  at  Huggate 
for  1857,  38. 

Meteorology,  35. 

Micrometer,  on  the  ocular  crystal,  19. 

Microscopical  apparatus,  143. 
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Middltt6X  SMtioni,  on  the  degree  of 
education  of  persons  tried  at  the,  168. 

Milligan  (John)  on  Uie  pressure  of  the 
atmosphere,  and  its  power  in  modifying 
and  determining  haemorrhagic  disease, 
138. 

Milner  (W.R.)  on  the  influence  of  various 
circumstances  in  causing  gain  or  loss  in 
the  weight  of  prisoners  in  Wakefield 
convict  prison,  139. 

Mineral  produce  of  Yorkshire  in  1857, 
181. 

MineralSyOn  determining  the  temperature 
and  pressure  at  which  variousi  were 
formed,  107 ;  on  some  peculiarities  in 
the  arrangement  of  the,  in  igneous 
rooks,  ib» 

Monetary  laws,  on  distinctions  between 
money  and  capital,  interest  and  dis- 
count, currency  and  circulating  me- 
dium, to  be  observed  in  the  reform  of 
our,  197. 

Mont  Blanc,  on  an  ascent  of,  39. 

Moon  blindness,  19. 

Moore  (C.)  on  triassio  beds  near  Frome, 
and  Uieir  organic  remains,  93. 

Moorsom  (Vice-admiral)  on  the  perform- 
ance of  steam  vessels,  the  functions  of 
the  screw,  and  the  relations  of  its  dia- 
meter and  pitch  to  the  form  of  the 
vessel,  215. 

Mortal!^,  rate  of,  in  the  metronolitan 
improved  dwellings  for  the  industrial 
classes,  164. 

Miiller  (Dr.  S.),  a  geognostic  sketch  of 
the  western  position  of  Timor,  153. 

Murchison  (Sir  R.  I.)  on  recent  researches 
among  the  older  rocks  of  the  Highlands 
of  Scotland^  94 ;  address  to  the  geogra- 
phical and  etlmological  section,  143; 
letter  to,  on  the  project  of  a  canal  across 
the  isUimus  of  Kraw,  which  divides  the 
gulf  of  Bensal  from  that  of  Siam,  153. 

Murphy  (J.  J.)  on  a  proposed  floating 
lighthouse,  218. 

Naylor  (William)  on  a  new  double  acting 
steam  hammer,  218. 

Neison  (F.  G.  P.)  on  phthisis  in  the 
arrny^  189. 

Newmarch  (William)  on  the  history  of 
prices  of  1857  and  1858, 194 ;  on  the  re- 
cent history  of  the  Credit  mobilier,  ib, 

Nicol  (Professor  James)  on  the  age  and 
relations  of  the  gneiss  rocks  in  the  N. 
of  Scotland,  96. 

Nith,  on  the  origin  of  the  breccias  of  the 
southern  portion  of  the  valley  of  the,  8 1 . 

Nitrogen,  on  the  annual  yield  of,  per 
acre,  in  difibrent  crops,  52. 


Nitroglycerin*,  on,  4% 

Norwood  (Rev.  T.  W.)  on  the 
tive  geoloffy  of  Hotfaam,  near 
Cave,  YorRshire,  96  ;  on  the  i 
language  of  the  gipsies,  105. 

Nourse  (W.  £.C.)  on  the  oolours  of  lemrm 
and  petals,  115. 

Nova  Scotia,  on  tlie  vegetable  atmctme 
visible  in  the  coal  of,  80. 

Number,  on  some  properties  of  a  leriee 
of  the  powers  of  the  same,  4. 

Nunneley  (T.)  on  the  form  of  the  eye- 
ball, and  the  relative  positioa  of  the 
entrance  of  the  optic  nerve  into  it  in 
different  animals,  139;  on  the  atmoture 
of  the  retina  at  the  punctum  centrale,  or 
foramen  of  Soemmering,  141 1  on  the 
strusture  of  the  choroid  coat  of  the  eye, 
and  more  particularly  on  the  ohancter 
and  arrangement  of  the  pigmentaiy 
matter,  ib, 

Odling  (Dr.  W.)  on  the  atom  of  tin,  M. 

Oldham  (James)  on  the  Greaham  Inm^* 
for  recording  the  loss  of  miaaing  ihqie 
at  sea,  319* 

O'Neill  (J.)  on  a  plan  for  giving  akms 
in  passenger  trains,  219. 

Optical  illusions  of  spectral  pluenomeu, 
on  an  apparatus  for  exhibiting,  14. 

Ores,  haematite,  of  North  Lanoathiieaiid 
West  Cumberland,  106. 

Organs,  on  the  application  of  meehanieal 
newer  to  the  bellows  of,  913. 

Osier  (F.)  on  the  construction  of  a  portable 
self-registering  anemometer  for  record*' 
ing  the  direction  and  amount  of  hori- 
lontal  motion  of  the  air,  38. 

Oude,  on  the  people  of,  and  their  leading 
characteristics,  151. 

Owen  (Prof.)  on  a  new  genus  (IMmorpho- 
don)  of  Pterodactyle,  with  remarks  on 
the  geological  distribution  of  flying  rep? 
tiles,  97 ;  on  remains  of  new  and  gigan- 
tic species  of  Pterodactyle  (Pter.Fittoiii 
and  Pter.  Sedgwickii)  from  the  Upper 
Greensand  near  Oimbridge,  98. 

Oxide,  chromic  and  ferric,  un  the  oei^ 
bonate  of,  69. 

Oxygen,  on  Prof.  Schonbein's  latest  ex- 
periments on  the  allotropic  conditioni 
of,  69. 

Oyster,  on  the,  123. 

Ozone,  on  an  instniment  for  measuring 
the  constant  intensity  of,  59. 

Paffe  (D.)  on  the  skeleton  of  a  seal  from 
tne  Pleistocene  clays  of  Stratheden,  in 
Fifeshire,  103 ;  on  the  palseontology  of 
the  tilestonei  or  SUurio-DevoDlan  etrata 
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of  Soodandi  104}  on  the  nlaUoni  of 
the  inetamorphio  and  older  palnozoic 
rocks  in  Scotlandi  105. 

Palh'ser  (Capt.  J.)  on  the  physical  geo- 
mphy  of  the  country  examined  by 
Uie  expedition  explonng  the  south- 
western regions  of  critish  North  Ame- 
rica, 153. 

Paul  (Lewis),  account  of,  and  his  invention 
of  the  machine  for  spinning  cotton  and 
wool  by  rollers,  208. 

Peach  (C.  W.)  on  some  peculiar  forms  of 
spines  found  on  two  species  of  the  spini- 
grade  starfishes,  128. 

Peckitt  (lleury)  on  earthworms  and  larvae 
of  an  undescribed  species  found  in 
draining  a  field  upon  his  estate,  129. 

Pengelly  (W.)  on  a  recently  discovered 
ossiferous  cavern  at  Brixham,  near 
Torquay,  106 ;  on  an  ichthyolite  found 
in  the  Devonian  Slates  of  E.  Cornwall, 
223 ;  on  the  trilobite  found  at  the  Knoll 
Hill,  Newton  Abbott,  224. 

Penny  j[>ostage,  on  the  importance  of  a 
colonial,  177. 

Penrhyn,  photographs  of  quarries  near, 
showing  the  structure  of  granite,  80. 

Perihelia,  on  the,  27. 

Perkin  (W.  H.)  on  the  purple  dye  ob- 
tained firom  ooal-tar,  58. 

Petals,  on  the  colours  of,  115. 

Petzval  (Prof.)  on  his  new  combination 
lens,  13. 

Phillips  (Prof.)  on  some  phsenomena  at 
the  junction  of  the  granite  and  schistose 
rocks  in  West  Cumberland,  106 ;  on  the 
haematite  ores  of  North  Lancashire  and 
West  Cumberland,  ib. 

Phosphorus,  on  some  optical  properties  of, 
16. 

Photographs:— chromatic,  57;  of  quarries 
near  Penrhyn,  showing  the  structure  of 
granite,  80 ;  of  the  Quarry  of  Rowley 
Rag,  at  Park  Hill,  Walsall,  93. 

Photography,  on  a  new,  cheap,  and  per- 
manent process  in,  18;  on  the  choice 
of  subject  in,  66. 

Phthisis  in  tlie  army,  on,  189. 

Physiology,  134. 

Planets,  on  the  ascending  nodes  of  the, 
27. 

Plants,  on  the  geological  distribution  of, 
in  some  districts  of  Yorkshire,  115  ;  on 
the  epidermal  cells  of  the  petals  of, 
119;  of  the  oolitic  moorlandls,  on  the, 
224. 

Plesiosaurus,  on  the  atlas  and  axis  of  the, 
78. 

Pogson  (Norman)  on  the  ocular  crystal 
micrometer,  19 ;  on  a  new  variable  star 


(R.  Sagittarii)  discovered  with  Iha  fiYe* 
foot  Smythian  telescope  of  the  Hart« 
well  House  Observatory,  29. 

Potash,  on  electrical  discharges  as  ob- 
served in  highly  rarefied  carbonic  acid 
in  contact  with,  50 ;  on  some  double 
salts  formed  with  bichromate  of,  66, 

Power  (Dr.  J.  A.)  on  myrmecophilous 
Coleoptera,  129. 

Provost's  theory  of  exchanges,  on  experi- 
ments on  radiant  heat  involving  an 
extension  of,  23. 

Prices,  on  the  history  of,  of  1857  and 
1858,  194. 

Printing  press,  on  a  imiversal,  220. 

Pteraspjs,  on  the  genus,  82. 

Pterodactyle,  on  a  new  genus  of,  97,  98. 

Pugh  (Dr.)  on  a  new  method  for  the 
quantitative  estimation  of  nitric  acid, 
64. 

Pulleys,  expanding,  209. 

Punctum  centrale,  on  the  structure  of 
the  retina  at  the,  141, 

Quadrupeds,  on  the  anatomy  of  the  brain 
in  some  small,  123. 

Railways: — on  the  formation  of  a,  firom 
the  Atlantic  to  the  Pacific  Ocean, 
through  British  N.  America,  154 ;  fi« 
nancial  prospects  of  British,  172;  on  a 
new  method  of  constructing  the  per> 
manent  way  and  wheels  of,  203;  on 
recent  improvements  in  signals,  223. 

Rankin  (Rev.  T.),  meteorological  obser* 
vations  at  Huggate  for  1^7,  38;  on 
animal  ammonia,  its  formation,  evo- 
lution, and  office,  65. 

Reaping  machine,  209. 

Refraction,  on,  38. 

Rennie  (G.)  on  the  construction  of  floating 
and  fixed  batteries,  220. 

Retina,  on  the  duration  of  luminous  im- 
pressions on  certain  points  of  the,  6 ;  on 
vision  throuffh  the  foramen  centrale  of 
the,  7 ;  on  the  structure  of  the,  at  the 
punctum  centrale.  141. 

Reynolds  (R.)  on  the  practical  applica- 
tion of  aluminium,  66. 

Robinson  (Sir  G.)  on  moon  blindness, 
19. 

Rocks,  on  a  method  of  observation  ap- 
plied to  the  study  of  some  metamorphiC| 
48;  on  the  jointed  structure  of,  83; 
on  the  geology  of  the  Lake  District,  in 
reference  especially  to  the  metamorphic 
and  igneous,  84 ;  on  recent  researches 
among  the  older,  of  the  highlands  of 
Scotland,  94 ;  on  the  age  and  relations 
of  the  gneiss,  in  the  N.  of  Scotland^  96 ; 
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on  the  relations  of  the  metamorphic 
and  older  nalaeozoic,  in  Scotland,  105 ; 
on  some  pnoBnomena  at  the  junction  of 
the  granite  and  schbtoscj  in  W,  Cum- 
berland, 106 ;  on  some  peculiarities  in 
the  arrangement  of  the  minerals  in 
igneous,  107  ;  on  determining  the  tem- 
perature and  pressure  at  which  various, 
were  formed,  ib, 

Rogers  (Prof.)  on  the  discovery  of  strata 
of  supposed  Permian  ngc,  in  the  inte- 
rior of  N.  America,  by  Mr.  Meek  and 
other  American  geologists,  224. 

Rowley  Rag  quarry,  photograph  of  the, 
93. 

(R.  Sagittarii),  a  new  variable  star,  29. 

Russians,  identification  of  the,  with  the 
Roxolani,  148. 

Russo-Chinese  frontier  and  the  A  moor 
river,  on  the,  147. 

Sadler  (J.  H.)  on  Indian  fibres,  illustrated 
by  prepared  specimens,  195. 

Salts,  on  the  expansion  of,  46 ;  on  reci- 
procal decomposition  between,  and  their 
acid  solvents,  50. 

Samuel  (Mr.)  on  an  early  form  of  the 
lenticular  stereoscope  constructed  for 
the  use  of  schools,  1 9. 

Sandstone,  on  the  yellow,  74. 

Sanitary  and  industrial  economy  of  the 

'    borough  of  Leeds,  on  the,  164. 

Schlagintweit  (Adolphe),  his  death  con- 
firmed, 152. 

Schomburgk  (Sir  R.)  on  the  project  of  a 
canal  across  the  isthmus  of  Kraw,  153. 

Schonbein's  (Prof.)  account  of  his  latest 
experiments  on  the  allotropic  conditions 
of  oxygen,  52. 

Scilly  Isles,  on  the  geology  of  the,  109. 

Scotland,  on  recent  researches  among  the 
older  rocks  of  the  highlands  of,  94 ;  on 
the  age  and  relations  of  the  gneiss 
rocks  in  the  N.  of,  96 ;  palaeontology 
of  the  tilestones  or  Silurio-Dcvonian 
strata  of,  104  ;  on  the  relations  of  the 
metamorphic  and  older  palaeozoic  rocks 
in,  105. 

Screw,  functions  of  the,  in  steam  vessels, 
215. 

Seal,  on  the  skeleton  of  a,  from  the 
pleistocene  clays  of  Stratheden,  103. 

Sertularia  tamarisca,  on  the  reproductive 
organs  of,  119. 

Sewing  machine  in  Glasgow,  on  the, 
198. 

Shaw  (Dr.  Norton)  on  the  geography  of 
British  N.  America,  more  particularly 
British  Columbia,  Frazcr  River,  &c., 
153. 


Shells,  on  the  liability  to  injury  d^  from 
the  growth  of  a  fungus,  1 28. 

Shell  bed  of  the  S.  Wales  coal  basin,  on 
the  marine,  80. 

Silbermann  (M.  I.  Joseph)  on  a  method 
for  the  spherical  printing  of  globes, 
154;  on  a  universal  printing  press, 
220;  on  a  universal  cock,  221. 

Siljestrom  (Dr.  F.  A.)  on  the  conditions  of 
equilibrium  in  a  rotating  spheroid,  5 ; 
on  the  distribution  of  heat  in  the  inte- 
rior of  the  earth,  23 ;  on  the  magnetic 
dip  at  Stockholm,  27 ;  on  the  constitn- 
tion  of  comets,  30 ;  on  observations  of 
temperature,  39. 

Silurio-Devonian  strata  of  Scotland,  on 
tbe,  104. 

Skeleton,  on  the  homology  of  the^  126. 

Smith  (Dr.  E.)  on  a  new  method  of  de- 
termining the  quantity  of  carbonic  add 
contained  in  the  air,  66 ;  on  tbe  results 
obtained  from  an  extended  inquiry  into 
the  quantity  of  carbonic  acid  evolved 
from  the  lungs  under  the  influence  of 
various  agents,  142;  on  the  methods 
hitherto  adopted  for  the  determination 
of  the  carbonic  acid  contained  in  tbe 
expired  air,  with  the  description  of  a 
new  method,  ib. 

Smith  (R.)  on  a  wreck  intelligencer,  221. 

Smith  (S.)  on  the  bursting  of  guns  and 
cannons,  221. 

Smith  (W.  L.)  on  the  choice  of  subject 
in  photography,  and  the  adaptation  of 
different  processes,  66. 

Smyth  (Admiral),  on  the  results  of  tbe 
measures  of  Gamma  Vimnis  for  tbe 
epoch  1858,  as  determined  by,  29. 

Snow,  on  a  fresh  form  of  crystallization 
which  takes  place  in  the  particles  oi 
fallen,  under  intense  cold,  40. 

Societv  of  Arts*  Examinations,  on  some 
of  the  resulte  of  the,  1 80. 

Soemmering,  on  the  structure  of  the  retina 
at  the  foramen  of,  141. 

Sorby  (H.  C.)  on  a  new  method  of  deter- 
mining the  temperature  and  pressure 
at  which  various  rocks  and  minerals 
were  formed,  107;  on  some  peculiar- 
ities in  the  arrangement  of  the  minerals 
in  igneous  rocks,  ib. ;  on  the  currents 
present  during  the  deposition  of  the 
carboniferous  and  permian  strata  ia 
South  Yorkshire  and  North  Derby- 
shire, 108. 

Sound,  on  the  mathematical  theory  of,  34. 

Spectrum,  solar,  on  the  fixed  lines  of  tbe, 
17. 

Sphere,  on  the  geometrical  projection  of 
two-thirds  of  the  surface  of  the,  151. 
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Spinal  chord,  on  the,  a  sensational  and 
volitional  centre,  135. 

Spines,  on  some  peculiar  forms  of,  found 
in  two  species  of  the  spinigrade  star- 
fishes, 128. 

Spirals,  on  an  instrument  for  describing, 
297. 

Squares  and  cubes,  on  a  mode  of  con- 
structing tables  of,  6. 

Stansfeld  (Hamer)  on  distinctions  be- 
tween money  and  capital,  interest  and 
discount,  currency  and  circulating  me- 
dium,  essential  to  be  observed  in  the 
reform  of  our  monetary  laws,  197. 

Star  (R.  Sagittarii),  a  new  variable,  29. 

Star-fishes,  on  some  peculiar  forms  of 
spines  found  on  two  species  of  the  spi- 
mgrade,  128. 

Statham  (Rev.  F.  F.)  on  the  geology  of 
the  Scilly  Isles,  108;  on  the  occurrence 
of  Bombyx  mori  in  a  wild  state  in  this 
country,  130. 

Statistical  Science,  address  by  the  Presi- 
dent, £.  Baines,  Esq.,  157. 

Steam,  on  combined,  222. 

Steam  boiler  explosions,  on  the  cause  of, 
and  means  of  prevention,  212. 

Steam  hammer,  on  a  new  double  acting, 
218. 

Steam  tugs  employed  in  the  Aire  and 
Cnlder  navigation,  205. 

Steam- vessels,  on  the  performance  of, 
215. 

Stereoscope,  on  an  early  form  of  the  len- 
ticular, constructed  for  the  use  of  schools, 
19. 

Stewart  (B.^  on  experiments  on  radiant 
heat,  involving  an  extension  of  Provost's 
theory  of  exchanges,  23. 

Stockholm,  on  tiie  masmetic  dip  at,  27. 

Storms,  on  the  formation  of,  as  illustrated 
by  local,  35. 

Strang  (Dr.  John)  on  the  water  supply  to 
great  towns — its  extent,  cost,  uses,  and 
abuses,  198 ;  on  the  sewing  machine  in 
Glasgow,  and  its  effects  on  production, 
prices,  and  wages,  ib. 

Strata,  carboniferous  and  permian,  on  the 
currents  present  during  tlie  deposition 
of  the,  in  S.  Yorkshire  and  N.  Derby- 
shire, 108. 

Stratheden,  on  the  skeleton  of  a  seal  from 
the  pleistocene  clays  of,  103. 

Strickland  (A.)  on  the  British  Wild  geese, 
131. 

Sullivan  (W.  K.)  on  some  double  salts 
formed  with  bichromate  of  potash,  60. 

Swiss,  on  the  lacustrine  homes  of  the 
ancient,  154. 

Sykes  (Colonel)  on  the  successful  esta- 


blishment of  a  meteorol<^cal  and  mag- 
netical  observatory  at  Travancore  by 
Mr.  Broun,  30 ;  on  the  desirableness 
of  renewing  balloon  ascents  in  England 
for  meteorological  objects,  39. 
Symons  (G.  J.)  on  a  new  construction  of 
standajrd  portable  mountain  barometers, 
39. 

Tartt  (W.  M.)  on  subjects  connected  with 
crime  and  punishment,  199. 

Teale  (T.  R.)  on  the  superficial  deposits 
of  the  valley  of  the  Aire  at  Leeds, 
111. 

Tegetmeier  (W.  B.)  on  the  formation  of 
the  cells  of  bees,  132. 

Telegraph,  on  the  submarine,  25. 

Telegraphic  cables,  submarine,  on  an  ap- 
paratus for  laying  down,  208 ;  on  con* 
structing  and  laying,  214. 

Temperature,  on  lunar  influence  on,  36 ; 
on  the  decrease  of,  over  elevated 
ground,  ib. ;  on  observations  of,  39.    ' 

Thumell  (O.)  on  a  mode  of  constructing 
the  rectangular  hyperbola  by  points,  5. 

Timor,  geognostic  sketch  of  the  western 
position  of,  153. 

Tin,  on  the  atom  of,  58. 

Trade  and  commerce  the  auxiliaries  of 
civilization  and  comfort,  169. 

Travancore,  on  the  successful  establish- 
ment of  a  meteorological  and  magnet* 
ical  observatory  at,  30. 

Trevandrum,  on  magnetical  observation 
at,  30. 

Triassic  beds  near  Frome,  and  their  or- 
ganic remains,  93. 

Trilobite  found  at  the  Knoll  Hill,  New- 
ton Abbott,  on  the,  224. 

Trollope  (Rev.  Edward)  on  the  fens  and 
submarine  forests  of  Lincolnshire  and 
other  localities,  113. 

Troy  on  (M.)  on  the  lacustrine  homes  of 
the  ancient  Swiss,  154, 

Tumulus,  sepulchral,  on  the  opening  of  a, 
in  East  Yorkshire,  156. 

Tyndall  (Professor)  on  an  ascent  of  Mont 
Blanc,  39. 

Ucayali,  on  the  navigation  of  the,  153. 

Valpy  (R.),  brief  review  of  the  operations 
in  the  Bank  of  England  in  1857,  201. 

Vapour,  aqueous,  on  induced  electrical 
discharges  taken  in,  26. 

Vision,  on,  through  the  foramen  centrnio 
of  the  retina,  7 ;  on  a  new  case  of  bi- 
nocular, 14. 

Voelcker  (Prof.)  on  the  constitution  of  the 
mineral  portion  of  bones,  and  the  ana- 
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lytis  of  eommoQ  bone-atb,  tnimal  char- 
coal, &e.,  68. 

Volcanic  emanation,  on  the  sonroa  of  am- 
monia in,  71. 

Volcanoes  of  central  Asia,  on  the,  75. 

Wakefield  oonyiot  prison,  influence  of 

various  circumstances  in  causing  loss 

or  gain  in  the  weight  of  the  prisoners 

in,  139. 
Walker  (H.)  on  the  resulu  of  free  trade, 

301. 
Wallace  (W.)  on  chloro-arsenious  acid 

and  some  of  its  compounds,  69 ;  on  the 

oarbonates  of  alumina,  chromic  oxide, 

and  ferric  oxide,  ib. 
War,  application  of  combustible  com* 

pounoB  to  be  used  in,  214. 
Ward  (N.  B.)  on  suburban  wardens,  117 ; 

on  some  practical  results  derivable  from 

the  study  of  botany,  118;  on  aquaria, 

132. 
Ward  (W.  8.)  on  dry  collodion  processes, 

71. 
Warington  (R.)  on  the  source  of  ammonia 

in  v^canic  emanatbn,  71 ;  on  Uie  mul* 

tiplication  of  ActinisB  in  aquaria,  133 ; 

on  additions  to  the  mioroecope,  143. 
Water,  on  the  action  of  hard,  upon  lead, 

54;  on  some  modem  appliances  for 

raising,  208. 
Water4Mkth,  on  an  instrument  for  main- 
taining a,  at  constant  temperatures,  71. 
Waterhonse  (John)  on  an  instrument  for 

maintaining  a  water-bath  at  constant 

temperatures,  71. 
Water  power,  on  the  economy  <^,  212. 
Water-supply  to  great  towns,  on  the,  198. 
Wavellite,  on  a  new  variety  of  p3rro.elee- 

tric,49. 
Weathered  (The  Hon.  J.)  on  combined 

steam,  222. 
West  (Tuffen)  on  the  epidermal  cells  of 

the  petals  of  plants,  119. 
West  £tidinff,  registry  of  deeds  in  the,  175. 
Whewell  (Kev.  W.),  address  by,  to  the 

Mathenutical  and  Physical  Section,  1 ; 

on  his  views  respecting  the  nature  and 

value  of  mathematical  definitions,  3. 
Wbitehouse  (Wildman)on  the  submarine 

telegraph,  25. 


Whitney  (A.)  on  the  foroMtion  of  a  ni- 

way  nrom  the  Atlantic  to  the  Puifie 

ocean,  through  the  British 

of  N.  America,  154. 
Whitworth  (C.  F.)  on  recent 

mento  in  railway  signals,  223. 
Williams  (R.  P.)  on  an  instrument  lor 

setting  out  curve  lines,  223. 
Willich  (C.  M.)  on  a  mode  of  eoBilnict- 

ing  tables  of  squares  utd  cubea,  6. 
Wilson  (J.  Spotswood)  on  th*  pfajsieal 

geography  of  N.  W.  Australia,  155; 

on  the  general  and  gradual  dcsiccatioa 

of  the  earth  and  atmosphere,  f6. 
WoUey  (J.)  on  a  fresh  form  of  oryitallnta- 

tion  which  takes  place  in  the  particies 

of  fidlen  snow  under  intense  ^dd,  40 ; 

on  the  arrangement  of  small  ttonas  oo 

certain  bare  levels  in  Northern  loedi- 

ties,  224. 
Wood  (J.  P.),  ezpetiments  oa  day-date, 

greenstone  porphyry,  and  greenstoiie 

roofing  slate,  92. 
Woollen  manufoctures  of    EngUmd,  on 

the,  158. 
Worsted  manufitctmras  of  Yorkihiiey  as 

the,  182. 
Wreck  intelligencer,  on  a,  221. 
Wright  (Thomas)  on  the  opening  of  a 

sepulchral  tumulus  in  east  YorUiki^ 

156. 

Xyloids,  on,  47. 

Yang-tse-Keang,  on  the,  152, 

Yorkshire,  on  the  comparative  geology  of 
Hotham,  near  South  Cave,  in*  96;  m 
the  geological  distribution  oi  plaata  in 
some  districts  of,  115;  on  die  mineral 
produce  o(  in  1857,  181;  oo  Am 
worsted  manufactures  of,  182 ;  on  aona 
remarkable  fossils  of,  22^. 

Zoology,  119. 

Zoophytes,  on  three  new  species  of  ler- 
tularian,  126;  on  some  new  and  inter- 
esting forms  of  British,  128. 

Zomlin  (Miss  Rosina)  on  heat,  and  on  the 
indeatructibility  of  elementary  bodies, 
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Forbes,  Report  on  the  Distribution  of  Pulmoniferous  Mollusca  in  the  British  Isles ;— W.  S. 
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now  in  operation  at  Plymouth ;— Report  on  "  The  Motions  and  Sounds  of  the  Heart,"  by  the 
liondon  Committee  of  the  British  Association,  for  1839-40 ;— Prof.  Schonbein,  an  Account  of 
Researches  in  Electro- Chemistry ; — R.  Mallet,  Second  Report  upon  the  Action  of  Air  and 
Water,  whether  firesh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron  and  Steel ; — R.  W.  Fox,  Report  on  some  Observations  on  Subterranean  Tem- 
perature ; — A.  F.  Osier,  Report  on  the  Observations  recorded  during  the  years  1837, 1838, 1839 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingham ; — Sir  D.  Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Veriehruta  ; — C.  J.  B.  Williams,  M.D., 
Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes ; — Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  Sabine's 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
1841,  Published  at  ISs.  6d. 

Contents  : — Rev.  P.  Kelland,  on  the  Present  state  of  our  TheoreUcal  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat ; — O.  L.  Roupell,  M.  D.,  Report  on  Poisons  ^— 
T.  G.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell ; 
— D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell ; — W.  S.  Harris,  upon  the  working  of  Whewell's  Anemometer  at  Plymouth 
during  the  past  year  ;»-Report  of  a  Committee  appointed  for  the  purpose  of  superintend- 
ing the  scientific  co-operation  of  the  British  Association  in  the  System  of  Simultaneous  Obser- 
vations in  Terrestrial  Magnetism  and  Meteorology ; — Reports  of  Committees  appointed  to  pro- 
*vide  Meteorological  Instruments  for  the  use  of  M.  Agassis  and  Mr.  M*Cord ; — Report  of  a  Com- 
mittee to  superintend  the  reduction  of  Meteorological  Observations ; — Report  of  a  Com- 
mittee for  revising  the  Nomenclature  of  the  Stars ; — ^Report  of  a  Committee  for  obtaining  In- 
strmnents  and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland  r— 'Report  of 
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«  Committed  on  the  PrMtrvation  oi  Vegetative  Powert  in  BMdi  f^-Dr.  Hodglda*  on  Isfsrics 
into  tlie  Races  of  Man ; — Report  of  the  Committee  appointed  to  report  how  &r  ttta  IkiiiUmi 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  supplied  by 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  mch  Experi- 
ments, and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Oweo,  Report 
on  British  Fossil  Reptiles ;  Reports  on  the  Determination  of  the  Mean  Value  of  Raihtif 
Constants  ; — D.  Lardner,  LL.D.,  Second  and  concluding  Report  on  the  Determinadoii  of  die 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Railway  Constants; — Repoftofi 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whewell's  Address,  and  RecooBea- 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH  MEETING,  at  Manchater, 
1842,  Published  ai  10«.  6d. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  co-operation  at  the  Biitirfi 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Obaenrati«it;~ 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand  ^^ 
W.  8.  Harris,  Report  on  the  Progress  of  Meteorological  ObserTations  at  Plymouth  ; — Steaai 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  of  Scedi; 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections ; — Report  of  (he  CmamitMe 
At  the  Preservation  of  Animal  and  Vegetable  Substances  i— Lyon  Playfiur,  M.D.,  Absttist 
4>f  Prof.  Lifebig's  lleport  on  Organic  Chemistry  applied  to  Physiology  and  Pathology  ir- 
R*  Owen,  Report  on  the  British  Fossil  Mammalia,  Parti.; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants  ;^L.  Agassis,  Bepsrt 
on  the  Fossil  Fishes  of  the  DeTonlan  System  or  Old  Red  SandsUne  i — W.  Fairbairn,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  Iron  tbs  Hot 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  E^rthqasha 
la  Great  Britain  ; — Report  of  a  Committee  on  the  <H>nBtmotioa  of  a  Constant  Indicator  lor 
Steam- Engines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  SailWtfting  £•- 
gine  at  different  periods  of  the  Stroke  ;— J.  S.  Russell,  Report  of  a  Committee  on  the  Form  of 
3hips ; — Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  whkh  the  Modtenda- 
ture  of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  of  s  Com' 
mittee  on  the  Vital  Statistics  of  large  Towns  in  Scotland ; — Provisional  Reports,  and  No6csi 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals* 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Bgertoa's  AMtmb,  and  JU- 
commendations  of  the  Association  and  its  ComrnftteeSi 

PROCEEDINGS  of  the  THIRTEENTH  MEETING,  ai  Corl, 
iSifSy  PtMMed  at  I2s. 

Contents  : — Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Wafer,  trbdhsr 
firesh  or  salt,  clear  or  foul,  and  of  Various  Temperatures,  upon  Cast  Iron,  Wrought  Iron,  ssd 
Steel  ;•— Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  Che  British  As- 
sociation in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations  ,*-^ 
J.  F.  W.  Herschel,  Bart,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoro- 
logical Observations} — Report  of  the  Committee  appointed  for  Experiments  on  Stcsitt- 
Engines ; — Report  of  the  Committee  appointed  to  continue  their  Experiments  on  the  YitMStf 
of  Seeds ; — J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  th6  Frith  of 
Forth  and  the  East  Coast  of  Scotland ; — J.  S.  Russell,  Notice  of  a  Report  of  the  Committtt 
on  the  Form  of  Ships; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines;— Report 
of  the  Committee  on  "Zoological  Nomenclature ; — Report  of  th6  Committee  for  Regbterfag 
the  Shocks  of  Earthqoakes,  and  making  sncfa  Meteorological  ObscrvatioBS  m  nay  appear  to 
^hem  desirable  ; — Report  of  the  Committee  for  conducting  Experiments  with  Captive  BaOoou; 
— Prof.  Wheatstone,  Appendix  to  the  Report ; — Report  of  the  Committee  for  the  TitiiMlati<m 
kad  PnUicaaon  of  Foreign  Scientifte  Memoirs  j-^.  W.  Peach  on  the  Habito  of  the  Marine 
Testacea ; — E.  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  iEgean  Sea,  aad  an  ibe^ 
dbtribution,  considered  as  bearing  on  Geology  ;—L.  Agassis,  Synoptical  Table  of  Briliik 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations ; — R.  Owen,  Report  on  tbs 
British  Fossil  Manunalia,  Part  II. ; — E.  W.  Binney,  Report  on  the  excavation  made  at  the 
junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  CoUyburst  i-*-W. 
Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  It¥9erMrat€ ; — ^Provisional  Reports,  aad 
Notices  of  Progress  in  Special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Address,  and 
dations  of  the  Association  and  its  Committees. 
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PROCEEDINGS  ov  ths  FOURTEENTH  MEETING,  at  York,  1844, 
JPubHshed  at  £1. 

Contents  : — W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells  ;~J.  Alder  and  A. 
Hancock,  Report  on  the  British  Nudibrancbiate  Mollusca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants ; — Report  of  a 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars ; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada ; — J.  Blackwall,  Report 
on  some  recent  researches  Into  the  Structure,  Functions,  and  (Economy  of  the  Araneidea 
made  in  Great  Britain ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes ; 
— ^ReT.  W.  V.  Harcourt,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
'Applications  of  High  Heat  in  the  Laboratory ; — Report  of  the  Committee  for  Registering 
Barthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam-Engines; 
^-Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race ; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke  ;»F.  Ronalds,  Report  con- 
cerning the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Co-operation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations; — Prof.  Forcbhammer  on  the  influence 
of  Fucoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate  ;'-H.  B.  Strickland,  Report  on 
the  recent  Progress  and  Present  State  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Tem'^erature  in  Ireland ; — Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Fachydermata ; — W.  S.  Harris,  Report  on  the  working  of  Whewell  and  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1842,  1843  ;— W.  R.  Birt,  Report  on  Atmospheric  Waves; 
•wL.  Agassis^  Rapport  sur  let  Poissons  Fotsiles  de  I'Agile  de  Londres,  with  translation ; — J. 
S.  Russell,  Report  on  Waves ; — Provbional  Reports,  and  Notices  of  Progress  in  Special  Re* 
searches  entrusted  to  Committees  and  Individuals^ 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  «nd  its  Committees* 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 
l^^y  Published  at  I2s. 

OoMTBVTs: — Seventh  Report  of  a  Committee  appointed  to  conduct  the  Co-operation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Obsenra« 
tions ; — Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843 1 
— R.  Hunt,  Report  on  the  Actinograph ; — Prof.  Schonbein,  on  Oxone ; — Prof*  Ermany  ea 
the  Influence  of  Friction  upon  Thermo- Electricity; — Baron  Senftenberg,  on  the  Self- 
Begisteriiig  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg  |—r 
W.  R*  Birt,  Second  Report  on  Atmospheric  Waves  t — O.  R.  Porter,  on  the  Progress  and  Vt^ 
sent  Extent  of  Savings'  Banks  in  the  United  Kingdom ; — Prof.  Bunsen  and  Dr.  Playfiiirf 
Report  on  tlie  Gases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ;— Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan  i— * 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phaenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Appendix,  &e. 

Together  with  me  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTEENTH  MEETING,  at  Southampton, 
\M6,  PvbUshed  at  \58. 

Contents! — O.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics ;•*— Sixth 
Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Dr.  Schunck  on  thie  Colouring  Matters  of 
Madder  \ — ^J.  Blake,  on  the  Physiological  Action  of  Medicines ; — R«  Hunt,  Report  on  the  Ao- 
ttno^a^  y — R*  Hunt,  Notices  on  the  Influence  of  Light  on  the  Grovrth  of  Plants  ;-»R.  L. 
Ellis,  OB  the  Recent  Progress  of  Analysis  ;*-Prof.  Forchhammer,  on  Comparative  Analytical 
Researches  on  Sea  Water ; — A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829; — G.  R.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  thA 
Iron  Manufacture  in  Great  Britain  ; — W.  R.  Birt,  Third  Report  on  Atmospheric  Waves ; — 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton; — 
Jf.  Phillips,  on  Anemometry; — J.  Percy,  M.D.,  Report  on  the  Crystalline  Flags; — Addenda 
to  Mr.  Birt's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections^  Sir  R.  L  Murchison's  Address,  and  ile* 
wtnnyn^tit^irnt  of  the  Asspciatian  and  its  Coo^ttees, 
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PROCEEDINGS  or  ths  SEVENTEENTH  MEETING,  at  Oifbfi 
lS^7f  PubHshfd at  \S$. 

Contents  :-^roC  Langberf,  on  the  Specific  GraTity  of  Sulphuric  Acid  at  diiiereBt  it- 
greet  of  dilution,  and  on  the  relation  which  exi*ts  between  the  Developoient  of  Heat  and  tW 
coincident  contiaction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water : — R.  Hot, 
Researches  on  the  Infiuence  of  the  Solar  Rays  on  the  Growth  of  PlanU ; — R.  llaUet,  m 
the  Facts  of  Earthquake  Phsenomena ; — Prot  Nilsson,  on  the  Primitive  Inhahifanti  af  Scsa- 
dinavia  i — W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  a^d  Earthqnikcs; 
»Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells; — Rev.  W.  WhewcU  vd 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  fi>r  the  pvpose  tf 
i^ompleting  our  knowledge  of  the  Tides; — Dr.  Schunck,  on  Colouring  Matters ;— Seveath  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds ; — J.  Glynn,  on  the  Turbioe  or  Horisanisl 
Water- Wheel  of  France  and  Germany; — Dr.  R.  G.  Latham,  on  the  present  state  and  reeeat 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Researck 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  it 
other  branches  of  Knowledge ; — Dr.  C.  C.  J.  Bonsen,  on  the  results  of  the  recent  Egyptisa 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  tke 
Modern  Celtic  Dialects  still  extant: — Dr.  Max  Muller,  on  the  Relation  of  tho  Benjcali  to  Ike 
Arian  and  Aboriginal  Languages  of  India; — W.  R.  Birt,  Fourth  Report  on  Atmosplicric 
Waves ; — ProC  W.  H.  Dove,  Temperature  Tables ;  with  Introductory  Remarks  by  LieuL-CsL 
E.  Sabine  ; — A  Erman  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Omnssian  Coa- 
tUnU  for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  Inglis'a  Address  aa^ 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  EIGHTEENTH  MEETING,  at  SwaoM, 
IS^  PubUsked  ai  9s. 

CoNTEMTs: — Rev.  Prof.  .Powell,  A  Catalogue  of  Observations  of  Luminooa  Meteors  ^- 
J.  Glynn  on  Water-pressure  Engines ; — ^R.  A.  Smith,  on  the  Air  and  Water  of  Towns ; — Eigktk 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds ; — W.  R.  Birt,  FifUi  Report  on  At- 
mospheric Waves ; — E.  Schunck,  on  Colouring  Matters ; — J.  P.  Budd,  on  the  advantageous  ase 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  Works; — S.  Hnnt, 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations; — Prof.  H.  W.  Dove,  Supplement  to  the  Tern- 
perature  Tables  printed  in  the  Report  of  the  British  Assodatioo  for  1847  ; — Remarks  by  P^ 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  on 
some  of  the  principal  Conclusions  in  regard  to  Climatology  dedudble  horn  them  ;  with  an  ia* 
troductory  Notice  by  Lt-Col.  E.  Sabine ; — Dr.  Daubeny,  on  the  progress  of  the  investigsriaa 
on  the  Influence  of  Carbonic  Add  on  the  Growth  of  Ferns ; — J.  Phillips,  Notice  of  lintb«r 
prog^reM  In  Anemometrical  Researches ; — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary ; — A.  Erman,  Second  Report  on  the  Gaussian  Constants ; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetical  ao^ 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Addrc^p 
ai«d  Recommendations  of  the  Association  and  iu  Committees. 

PROCEEDINGS  OF  the  NINETEENTH  MEETING,  at  BinninghaiDi 

1849,  Published  at  \0$. 

Contents  :— Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors ;— EsrI 
of  Rosse,  Notice  of  Nebulse  lately  observed  in  the  Six-feet  Reflector ; — Prof.  Daubeny,  on  tht 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  Fosd 
Remains  found  in  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  Heat  of  Combinatioo ; 
— Report  of  the  Committee  on  the  Registration  of  the  Periodic  Phaenomena  of  Plants  aod 
Animals; — Ninth  Report  of  Committee  on  Experimenta  on  the  Growth  and  Vitality  of  Seeds ; 
—P.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  fron 
Aug.  9, 1848  to  SepL  12,  1849; — R.  Mallet,  Report  on  the  Experimental  Inquiry  on  Railway 
Bar  Corrosion ;— *  W.  R.  Birt,  Report  on  the  Discussion  of  the  Electrical  Observations  at  Ke«. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  snd 
Recommendations  of  the  Association  and  ito  Committaes. 

PROCEEDINGS  of  the  TWENTIETH  MEETING,  at  Edinburgh, 

1850,  Published  at  I5s. 

Contents  : — ^R.  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phsenomena ; — Rev.  Fro& 
Powell,  on  Observations  of  Luminous  Meteonj^-Dr,  T,  Williams,  on  the  Stmctwre  wi 
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History  of  the  Brflfeli  AnneOda^— T.  C*  Hunt,  Hesnhs  of  Meteorological  Observatloni  taken 
at  St.  Michael's  from  the  lit  of  January,  1840,  to  the  31st  of  December,  1849  ;~R.  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations; — Tenth 
"Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds; — Major-Gen. 
Brig^l^,  Report  on  the  Aboriginml  Tribes  of  India ; — P.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  Britisli  Association  at  Kew ;— E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Rang^  in  depth  of  Mollusca  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  For- 
Ingal,  Barbary,  Malta,  and  Southern  Italy  in  1849 ;— Frot  Allman,  on  the  Present  State  of 
our  Knowledge  of  the  Freshwater  Folyxoa; — Registration  of  the  Periodical  Phanomena  of 
Plants  and  Animals ; — Suggestions  to  Astronomers  for  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  1851. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  TWENTY-FIRST  MEETING,  at  Ipswich, 

1851,  Published  cU  169.  6(L 

Contents  :— Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors ;— Eleventh  Re- 
port  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; — Dr.  J.  Drew,  on 
the  Climate  of  Southampton ;— Dr.  R.  A.  Smith,  on  the  Air  and  Water  of  Towns :  Action  of 
Porous  Strata,  Water  and  Organic  Matter  ;-»Report  of  the  Committee  appointed  to  consider 
the  probable  Effects  in  an  (Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forests ;— A.  Heofrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants ; — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com« 
pounds ; — Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  In  Indo-Oerman  Philology  ;— 
Dt.  T.  Williams,  Report  on  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facto  of 
Barthquake  Phsenomena ; — Letter  from  Prot  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  Stotes ;— Col.  Sabine,  Report 
on  the  Kew  Magnetojgraphs ; — J.  Welsh,  Report  on  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  18, 1850,  to  July  31, 
1851  ; — Ordnance  Survey  of  Scotland. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  PubUsked  at  I6s. 

Contents  : — R.  Mallet,  Third  Report  on  the  Facto  of  Earthquake  Phssnomena }— Twelfth 
Report  of  Committee  on  Experimento  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence of  the  Solar  Radiations  on  the  Vital  Powers  of  Planto ; — A  Manual  of  Ethnological 
Inquiry ; — Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fallof  Rain  at  187  Sta* 
tiona  under  the  Bengal  Presidency ; — Prof.  J.  D.  Forbes,  on  Experimento  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; — ^Dr.  Hodges, 
on  the  Composition  and  (Economy  of  the  Flax  Plant ; — W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  Thompson,  Supplementory  Report  on  the  Fauna  of  Ireland; — W.  Wills, 
on  the  Meteorology  of  Birmingham; — J.  Thomson,  on  the  Vortex-Water- Wheel  ;--J.  B.  Lawes 
and  Dr.  Gilbert,  on  the  Composition  of  Foods  in  relation  to  Respiration  and  Uie  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  Sabine's  Address,  and  Recom- 
mendations of  the  Association  and  Us  Committees. 

PROCEEDINGS  of  the  TWENTY-THIRD  MEETING,  at  Hull, 

1853,  Published  at  lOf.  Gd. 

Contents: — Rev.  ProC  Powell, Report  on  Observations  of  Luminous  Meteors,  185S-63; 
—James  Oldham,  on  the  Physical  Features  of  the  Humber ; — James  Oldham,  on  the  Rise» 
Progress,  and  Present  Position  of  Steam  Navigation  In  Hull;— William  Pairbaim,  Experi- 
menul  Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  which 
lead  to  Explosion  ^— J.  J.  Sylvester,  Provisional  Report  on  the  Theory  of  Determinanto ;— • 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Composition 
and  (Economy  of  the  Flax  Plant  ;^ — Thirteenth  Report  of  Committee  on  Experiments  on  the 
Growth  and  Vitality  of  Seeds ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; 
—John  P.  Bell,  BLD.,  Observations  on  the  Character  and  Measuremento  of  Degradation  of  the 
Torkshhre  Coast;  First  Report  of  Committee  on  the  Physical  Character  of  the  Moon's  Sur- 
£Me,  as  compared  with  that  of  the  Earth  ^— B.  Mallei  Provisional  Report  on  Earthquake 
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WaYa*Tnuiaitt;  and  on  Stitipoiiittriol  InttnuMBU^— WiQiam  FaixMn^  mm  ikm  ] 
ProperUei  of  Metals  as  derived  from  repeated  Meltings,  exhibitiDg  the  maylinmn  poiai  ^ 
strength  and  the  causes  of  deterioration ; — Robert  Mallet,  Third  Eeport  oo  the  Facts  o^Sai^ 
quake  Phenomena  (continued^ 

Together  with  the  Transactions  of  the  Sections,  Mr.  Uopkins*s  Addreas,  and  1 
tions  of  the  Association  and  iu  Committees. 

PROCEEDINGS  of  thb  TWENTY-FOURTH  MEETING,  at  Li? 
pooU  1854,  Publuked  ai  18#. 

CovTBMTS: — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (coptimnid); 
-^Mfljor-General  Chesney,  on  the  Construction  and  General  Use  of  Efficient  Life-Boats; — Rct. 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ; — Colowl 
'Sablnfc,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Obser^atovies  ;— 
Colonel  Portlock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  re«pcU»g 
Sf  isroometers ; — Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powen 
of  Plants,  Part  S|— Rev*  Prot  Powell,  Report  on  Obsenratlons  of  Luminous  Meteois,  185^-54; 
^Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  SntfiMe  |— W.  G. 
Armstrong,  on  the  Application  of  Water-Pressure  Machinery  ;-*J.  B.  Lawes  and  Dr.  GUheit, 
on  the  Equivalency  of  Starch  and  Sugar  in  Food ; — Archibald  Smith,  on  the  DcTiadnoa  of  the 
Compass  in  Wooden  and  Iron  Ships ;  Fourteenth  Report  of  Committee  on  Bxperimems  oa 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Harrowby's  Addreas,  and  Ee- 
commendations  of  the  Association  and  its  Committees, 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  C^Mgov, 
ISS6,  PHbiiih$d  at  15$. 

Contents  i^T.  Dobson,  Report  on  the  Relation  between  Explosions  is  Coal-Minao  and 
RevolTing  Storms;— Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powefs 
of  Plants  growing  under  diflbrent  Atmospheric  Conditions,  Part  3 1— €,  Speaoe  Bate,  ou  the 
British  Edriophthalma; — J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  the  Supply 
of  Water  to  Towns ; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Orovtb  Mid 
Vitality  of  Seeds ;— Rev.  Prof.  Powell,  RepoA-t  on  Obsenrations  of  Luminoo*  Meteors,  1S54-65 ; 
•—Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pvo* 
perties  of  Metals  and  eff'ects  of  various  m6des  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery  {—Rev.  ProC  Henslow,  Report  on  Ts^dcal  OI^|acts  in 
natural  History  ;-*A.  PoUett  Osier,  Aecount  of  the  Self- Registering  Anemometer  and  Rain- 
Gauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  Ai^U's  Address,  »nd  Becon* 
mendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SIXTH  MEETING,  at  CU. 
tenham,  I856>  Published  €tt  \%9. 

Contents  ; — Report  from  the  Committee  appointed  to  Investigate  and  report  upon  the 
eflfiscts  produced  upon  the  Cliannels  of  the  Mersey  by  the  alterations  which  within  the  last 
flfty  yean  have  been  made  in  its  Banks;— J.  Thomson,  Interim  Report  on  progress  in  Re* 
searches  on  the  Measurement  of  Water  by  Weir  Boards; — Dredging  Report,  Frith  of  Clyde, 
1856; — Rev.  B.  Powell,  Report  on  Observations  of  Luminous^Meteors,  1855-1856, — Pio£ 
Bunsen  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ; — Rev.  James  Booth,  on  the  Trigo- 
nometry of  the  Parabola,  and  the  Geometrical  Origin  of  Li^arithms  ;-^R.  MacAndrew,  Report 
on  the  Marine  Testaceous  Mollusca  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development ; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America;— 
T»  C.  Eyton,  Abstract  of  First  Report  on  the  Oyster  Beds  and  Oystera  of  the  British  Shores; 
— ^Prof.  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla* 
nations  of  these  Phenomena :  Part  L  ; — Dr.  T.  Wright  on  the  Stratigraphical  Distribution  of 
the  Oolitic  Bchinodermata ;— -W.  Falrbaim,  on  the  Tensile  Strength  of  Wrought  Iron  at  varions 
Temperatures ; — C.  Atherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  Bowerbank,on 
the  Vital  Powers  of  the  Spongiadie;^-Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormontfleld,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — ^Provisional  Report  on 
the  Measurement  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  Plante  and  Animals 
for  Museums ; — J.  Thomson,  Interim  Report  on  Progress  in  Researdies  on  the  Measure- 
ment of  Water  by  Weir  Boards ;~R.  Mallet,  on  Observations  with  the  Seismometer;— A. 
Cayley,  on  the  Progress  of  Theoretical  Dynamics ; — Report  of  a  Committee  appointed  to  con- 
sider the  fbrmation  of  a  Catalogue  of  Philosophical  Memoira. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Daubeny's  Address,  and  Recom- 
mendations of  the  Association  and  its  <3ommittees. 
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PROCEEDINGS  op  the  TWENTY-SEVENTH  MEETING,  at  Dub. 
lin.  1857,  Published  at  15s. 

Contents: — A.  Cayle^,  Report  on  the  Recent  Progress  of  Theoretical  Dynamics ;—Six. 
teenth  and  final  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; 
—James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull; — Report  of  a 
Committee  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  also  of  Marine  Engine-Power,  and  to  fhune  more  perfect  rules,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying  Capabilities 
and  Working-Power  of  Steam  Ships ;— Robert  Were  Fox,  Report  on  the  Temperature  of 
8ome  Deep  Mines  in  Cornwall;— Dr.  G.  Plarr,  De  quelques  Transformations  de  la  Somme 

-ota/l+i^l+ij/l+i 
Sj     i^-n   tl+U\+V  "  ®^"'  entier  n^tif,  et  de  quelques  cas  dans  lesquels  celte  somme 

est  exprimable  par  une  combinaison  de  iactorielles,  la  notation  a'l+i  d^ignant  le  produit  des 
/  fiicteurs  a  (a+1)  (a-)-2)  &c. . .  .(a+/»  1); — G.  Dickie,  M.D.,  Report  on  the  Marine  Zoology 
of  Strangford  Liough,  County  Down,*  and  corresponding  part  of  the  Irish  Channel ;— Charles 
Atherton,  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Mercantile  Steam  Trans- 
port  Economy  is  affected  by  the  Constructive  Type  of  Shipping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth  ; — J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadse ; — John  P.  Hodges,  M.D.,  on  Flax ; — Msgor-Oeneral  Sabine*  Report  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain ; — Rev.  Baden  Powell,  Report  on  Observations  of 
Luminous  Meteors,  1856-57; — C.  Vignoles,  C.E.,  on  the  Adaptation  of  Suspension  Bridges  to 
sustain  the  passage  of  Railway  Trains ;— Professor  W.  A.  Miller,  M.D.,  on  Electro-Chemistry ; 
—John  Simpson,  R.N.,  Results  of  Thermometrical  Observations  made  at  the  '  Plover's ' 
Wintering-place,  Point  Barrow,  latitude  71<»  21'  N.,  long.  156<»  17'  W.,  in  1852-54 ;— Charles 
James  Hargrave,  LL.D.,  on  the  Algebraic  Couple ;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  Improvement  of  Telescope  and  Equatorial 
Mountings; — Professor  James  Buckman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Garden  of  the  Royal  Agricultural  College  at  Cirencester ;  William  Fairbaim  on  the  Resistance 
of  Tubes  to  Collapse ; — George  C.  Hyndman,  Report  of  the  Proceedings  of  the  Belfast  Dredging 
Committee ; — Peter  W.  Barlow,  on  the  Mechanical  Effbct  of  combining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girders, 
to  produce  equal  deflections  with  a  given  load ; — J.  Park  Harrison,  M.A.,  Evidences  of  Lunar 
Influence  on  Temperature ; — Report  on  the  Animal  and  Vegetable  Products  imported  into 
Liverpool  from  the  year  1851  to  1855  (inclusive)  ; — Andrew  Henderson,  Report  on  the  Sta ; 
dstics  of  Life-boats  and  Fishing-boats  on  the  Coasts  of  the  United  Kingdom. 

Together  with  the  Transactions  of  the  Sections,  ProL  Owen's  Address,  and^Recommenda- 
tions  of  the  Association  and  its  Commitees. 
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ZAst  of  those  Members  of  the  British  Association  for  the  Advancement 
of  Science,  to  whom  Copies  of  this  Volume  [for  1858]  are  supplied 
gratuitously,  in  conformity  with  the  Regulations  adopted  by  the  General 
Committee.     [See  pp.  xvii.  &  xviii.] 
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The  History  of  Herodotus. 

A  New  English  Yersion.     Edited  with  Notes  and  Essays. 
By  EEV.  GEOEGE  RAWLINSON,  M.A., 

Late  Fellow  and  Tutor  of  Exeter  College^  Oxford. 
AssiSTKD  BT  SIE  HBNBT  BAWLINSON  and  SIB  J.  G.  WILKINSON. 

With  Maps  and  Woodcuts.    Yols.  1  to  8.    8to.    18«.  each. 
To  be  oompleted  in  4  Yols. 


Principia  GrsBca; 

AN   INTBODUCTION    TO   THE   STUDY   OP   GEEEK. 

Comprehending  Grammar,  Delectns,  and  Exercise-book  with  Yocabularies. 

For  the  nse  of  the  Lower  Forms  in  Public  and  Private  Schools. 

Bt  H.  E.  HUTTON,  M.A., 

Late  of  Baliol  College,  Oxford ;  Aisistant  Master  at  Harrow  SohooL 
12mo.     2$.  M.    {Ready.) 


THE 


Admiralty  Manual  of  Scientific  Enqtuiry^ 

PEEPARBD  FOR  THE  USB  OF  OFFICERS  OF  H.M.  NAVY  ON  FOREIGN  SERYICB 
AND  FOR  TRAVELLERS  IN  GENERAL. 

Edited   bt   SIR  J.  F.  HEBSOHEL,  Bart., 


Aatrcnumf—Q.  6.  AIRY^ 
H^rograpk^—CAn.  BEECHET. 
Tidea— Dr.  WHEWELL. 
Jfa0ueim»— LisuT.-CoL.  SABINE. 
Meiwroloffy-eiR  J.  F.  W.  HERSCHEL. 
AtmotpUrie  ira«e«— W.  R  BIRT. 
fftOffrapft^-W,  J.  HAMILTON. 
ttcKMicf-G.  a  PORTER. 


Medieal  fito^iifiet— Db.  BRTSON. 
JtAnototiy— Dr.  PRITCHARD. 
QtoU>n-C,  DARWIN. 
Jifi(MraZ(V3f-8iB  H.  DE  LA  BECHB. 
BaHhquakf—VL.  MALLET. 
ZooUtgif—^  OWEN. 
Aotony— Sn  W.  HOOKER 


Third  Edition,  thoroughly  rerised,  under  the  Superintendence  of  the 

But,  BOBERT  MAIN,  M.A., 
President  of  the  Astronomical  Sodety. 

With  Maps.    Post  8yo.    9«. 
(PUBLISHED  BT  AUTHORITT  OF  THE  LORDS  OF  THE  ADMIRALTT.) 
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Handbook  of  Familiar  Qnotatioiis  firam 
English  Anthors. 

Third  Bdition,  reyised.     Foap.  8to.     6$, 


The  Student's  Hume. 

A  HISTOBY  OF  BNOLAND  FBOM  THB  INVASION  OF  JULIUS  C.BSA&. 

Based  on  Hume's  Histoet, 

Inoorporating  the  OorreotionB  and  Besearches  of  recent  writen,  and  oonUnned  to  tke 

Prbsbht  Time. 

Bighth  Thousand,  with  Woodonts.    Post  8to.    7«.  6d 


History  of  the  GhristiaiL  Chnrch. 

FBOM  THB  APOSTOLIO  AGB  TO  THB  PONTIFICATB  OF  GBBOOBT  THB  GBBAi; 

A.D.  6i— 590. 

By  rev.  J.  C.  ROBERTSON,  M.A., 

Canon  of  Oanteibury. 
New  and  Bdrised  Edition.    VoL  I.     8yo.     16«.    YoL  II.     18s. 


History  of  the  Afghans. 

By  J.  P.  FERRIER, 
Author  of  "  CaravaB  Journeya  through  Penda,  A^hanisian/*  Ac 

Translated  by  Capt.  WILLIAM  JBSSB. 

Map.    8to.    21«. 


The  Forest  of  Dean. 

AN  HISTORICAL  AND  DESCRIPTIVE  ACCOUNT, 

Derived  from  Personal  Observation  and  other  sources,  Public,  Private,  Legendary,  and  Loesl* 

By  H.  G.  NICHOLLS,  M.A., 

Perpetual  Curate  of  Holy  Trinity,  Dean  Foroet. 
With  numerous  Woodcuts.    Post  8vo.     10«.  6d. 
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int.  HUBBiL'TS  LIST  OF  NKW  WOBKa 


Literary  Bemains  of  Rev.  Bichard  Jones. 

LATE  PBOFBBSOB  OF  POLITIOAL  BOONOMT  AT  HAILBTBITBT  OOLLBOB. 
WITH  A  PRBPATORY  NOTICE. 


By  rev.  W.  WHEWELL,  D.D., 

Muter  of  Trinity  College,  Cambridge. 
Portrait.     8to.     lit. 


History  of  Latin  Christianity, 

INOLUDINa  THAT  OF  THB  POPES  TO  THB  PONTIFICATE  OF  NICHOLAS  Y. 
Bt  henry  hart  MILMAN,  D.D., 

Deaa  of  St.  Paul's. 
Second  Bdition.    With  an  Lidex.    6  Yolt.    8to.    72$. 


Life  &  Opinions  of  Gen.  Sir  Charles  Napier. 

By  sir  WILLIAM  NAPIER,  K.C.B. 
Seecmd  Edition.    Portraits.    4  Vols.    PostSTo^    iSs. 


The  Oeolog^  and  extinct  Volcanos  of 
Central  France. 

By  G.  POULETT  SCROPE,  M.P.,  F.R.S.,  F.G.8.,  4o. 
Second  Bdition,  enlarged.    With  ICape  and  Panoramio  Sketcbee.    Medinm  8to.    80«. 

Greece :  Pictorial^  Descriptive^  &  Historical. 

By  rev.  C.  WORDSWORTH,  D.D. 

WITH  AN  BS8AY  ON  ORBBK  ABT,    BY  OEOBOB  SCHABF.  F.aA 
A  New  Bdition.      With  Mape,  Plates,  and  600  WoodcnU      Boyal  Sto.      28s, 
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Letters  from  High  Latitudes. 

.    DUltiNO  A  TACHT  YOTAOB  TO  ICELAND,  JAN  If  AYEN,  AND  8PITZBXB0EK. 

bt  lord  dufferin. 

Fourth  and  Cheaper  Bditbn.    Woodcats.    Post  Syo.     9«. 

♦ 

Prinsep's  Essays  on  Indian  Antiquities. 

COLLECTED  AND  EDITED  BT  EDWARD  THOMAS,  Eso., 

lAt«  of  the  Bengal  Civil  Service. 
With  ninstrAtioiui.     2  Vols.    8to.    S2i,  6d. 


Murray's  Handbooks  for  England. 

The  foUowng  CotmUea  are  already  PMisKed  t 


L^KENT  AND  SUSSEX.    10». 
XL— SURREY,  HANTS,   &   ISLE 
OF  WIGHT.     7».6rf. 


III.— DEVON  ^CORNWALL.  7«.« 
rV.— WILTS,      DORSET,       AND 
SOMERSET. 


With  TrayeUing  Maps.    Post  8yo. 


Handbook  for  Syria  and  Palestine. 

Inolnding  an  Aoooimt  of  the  Geography,  History,  Antiqni^  and  Inhabitants  of 
these  Countries,  the  Peninsnla  of  Sinai,  Bdom,  and  the  Syrian  Desert 

Bt  rev.  J.  L.  PORTER, 

Author  of  "  Five  Tears  in  Damascus, "  kc 
With  Maps  and  Plans.     2  Vols.    Post  8to.    24«. 


Handbook  for  Madras  and  Bombay. 

Intended  for  the  Use  of  Travellers,  Officers,  and  Civilians.    Inolnding  Information  uaefol 

before  startipg  as  to  Outfit— Health— Bxpenses—Conifort— the  Overland  Bonte^  &c 

l^th  Vocabularies  and  Dialogues  of  the  Spoken  Languages. 

Bt  EDWARD  B.  EASTWICK, 

Late  ProflBMor  at  Haileybuiy  Collflge. 
With  Maps.     2  Vote.    Post  8to.     24«. 
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Bemarks  on  Secular  and  Domestic 
Architectorei 

PRESENT  AND  FUTURE. 
By  GEORGE  GILBERT  SCOTT,  A.R.A. 

Second  BditioD.     8to.     9$. 


The  Arabian  Nights. 

TEIHSLATBD    FBOX    TBI    ARABIO^     WITH    COPIOUS    H0T18. 

By  E.  W.  LANE. 

A  New  Library  Edition,  thorongbly  rerised,  and  Edited  with  the  Translator's  sanction, 

By  his  nephew,  E.  STANLEY  POOLE. 

With  niastrations.     8  Vols.     8to.     42«. 


The  Epochs  of  Painting  characterised. 

BEING  A  SKETCH   OF  THE   HI8T0BY   OF  PAINTING,    ANCIENT  AND  MODBBN, 
rBOX  THl  EARLIEST  AGES  TO  TBI  PRBSBHT  TIXB. 

By  RALPH  N.  WORNUM, 

Keeper  and  Seoretoiy,  National  GaUeiy. 
New  Edition,  revised,  Woodcnts.     Post  Sto.     69, 


A  Latin.English  Dictionary. 
A  Smaller  Latin-English  Dictionary. 

BASED  ON  THB  WOBES  OP  FOBCSUINI  ARB  FKBUITD. 
Bt  WILLIAM  SMITH,  LL.D., 

Classical  Kramlnw  in  the  University  of  London. 

8to,  21 «.    12mo.  7«.  dd. 

« Of  Latin  and  English  Lexicons,  the  best  representation  of  the  scholarship  of  the 
day  is  nndonbtedly  that  of  Dr.  W.  Smith."— -From  the  article  **  Philology,**  by  Dr. 
Donaldaonf  in  the  New  Sdition  of  the  Bneydopcedia  Britannica,  1859. 
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Mnrray'B  Monthly  Editions  for  the  People. 


I.   LORD   BYRON'S   POETICAL  WORKS, 

With  Notes  and  IBiiatratioiiB.    To  be  completed  in  Nine  Parts,  8to,  U.  etjck. 
The  FIRST  PART  contains  OHILDB  HAROLD.    Price  It. 

Bnoii's  Poms. — "  Bight  years  hare  yet  to  ran  before  the  copyright  ci  the  vbofe 
expires,  and  those  who  now  buy  an  edition  withont  the  sanction  of  lib.  Horray,  BUT 
AN  IMPBRPBOT  BOOK."— TA«  AtKetumm,  May,  1858. 


n.    CROKER'S    EDITION   OF  BOSWELL'S  JOHNSON. 

With  contributions  by  Lord  Stowbli^  Sib  Waltbb  Boor,  Sib  Jamb  KAOKiifosB, 
J.  H.  Haeklakd,  LooKHUiT,  &a,  and  a  Refutation  of  Me.  Maoavlat's  attack  in  the 
Bdinborj^  Reriew. 

With  Portraits.    To  be  completed  in  Ten  Parts,  8to,  U.  each. 

'*  I  haye  found  room  for  a  nw  iio&i  ORianrAL  lbttibs.  I  haye  also  added  sitkbal 
VBW  Hom,  and  hare  abridged,  altered,  and  I  hope  improTed,  many  of  the  old  onesi 

<'  As  I  think  I  may  yenture  to  say  that  my  ORIGINAL  BDITION  reriyed,  and  in 
some  respects  extended,  the  public  interest  in  Boewell*s  delightful  work,  I  can  desire  no 
more  than  that  my  PRBSBNT  RBYISION  may  tend  to  maintain  it."— if r.  Oroker's 
Frrfaee  to  the  PraefU  Edition. 


To  he  followed  by  : 

m.  REV.  GEORGE  CRABBES  POETICAL  WORKS. 

WITH  HIS  LIPB,  LBTTBRS,  AND  JOURNALS. 

By  HIS  SON. 

With  Portrait  and  Illustrations. 

Thi  Pboflb*8  Bditioh.     To  be  published  in  Monthly  Parts.    8yo.    It.  each. 

Uniform  with  "  Btbon"  and  "  Boswbll.** 


IV.    THE  LIFE  AND  LETTERS  OF  LORD  BYRON. 

By  THOMAS  MOORE. 

With  Portrait  and  Illustrations. 

Tbr  Peoplb^s  Eninoir.    To  be  published  in  Monthly  Parts.     8yo.     U,  each. 
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Albbmarlb  Stbbxt, 
July,  1859. 


MR-  MURRAY'S 
LIST  OF  FORTHCOMING  WOBES. 


Life  of  the   Rev.  Daniel  Wilson,  D.D., 

LATE  BISHOP  OF  CALCUTTA  AND  METBOPOLITAN  OF  INDIA. 
By  liifl  Son-in-law  and  First  Chaplain, 

REV.   JOSIAH    BATEMAN,  M.A. 
Beotor  of  North  Cray,  Kent 

Portrait  and  Dlnstrations.    2  Yols.    8to. 


The  Glaciers  of  the  Alps. 

Being  a  Narratire  of  Tarions  Excursions  among  them,  and  an  Acconnt  of  Three  Tears* 
OhserrationB  and  Experiments  on  their  Motion,  Stmctnre,  and  General  Phenomena. 

BY  JOHN    TYNDALL,  F.R.S., 

Profbasor  of  Natural  Philosophy  in  the  Boyal  Institution  of  Great  Britain. 

Post  Sto. 


The  Historical  Evidences  of  Revealed 

don 


Religi 


STATED  ANEW,  WITH  EEFEEENCB  TO  RECENT  DISCOVERIES  AT  NINEVEH, 

BABYLON,  &c 

BmrO  THS  BAXFTOH  LBOIUBU  fOB  1859. 

BY    REV.  QEORQE   RAWLINSON,  MA, 
Late  Fellow  and  Tutor  of  Bxeter  College^  Oxford,  and  Translator  of  Herodotus. 

8vo. 


On  the  Origin  of  Species  and  Varieties. 

BY  MEANS  OF  NATURAL  SELECTION. 
Or,  The  Preserration  of  Fayonred  Raoes  in  the  Struggle  for  Life. 

BY   CHARLES    DARWIN.  MA, 

FeUow  of  the  RoyaL  Geological  LinDHBan,  ^te.,  Societies;  Author  of  "Journal  of  a  Naturalist 
during  the  Voyage  of  H.M.S.  Beagle  round  the  World." 

Post8TO. 
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Becket,  Archbishop  of  Canterbury. 

A  BIOGRAPHY. 

BY  JAMES   C.    ROBERTSON,   MA, 

Oanen  of  Canterbuiy,  and  Author  of  "  Histoiy  of  the  Cfarifltfaui  Churdu* 

PoBtSro. 


The  Life  of  Sir  Joshua  Reynolds. 

WITH  NOTICES  OF  HOGARTH,  WILSON,  GAINSBOROUGH,  AND  OTHSR 
ARTISTS,  HIS  CONTBMPORARISa 

BY   THE    LATE   C.   R.  LESLIE,  RA, 
Author  of  "  The  Memoin  of  Constable,"  and  **  Handbook  for  Toong  FaiBten.* 

With  iilnstratioDS.    Fcap.  4to. 


Science  and  Theology. 

SERMONS  PREACHED  BEFORE  THE  UNIVERSITY  OF  OXFORD. 

BY  REV.  ADAM  S.  FARRAR,  M.A.,  F.G.S.  F.RAS^ 

Fellow  or  Queen's  College ;  one  of  the  Select  Preachers  to  the  University,  and  Preadiar 

atWhitebalL 

870. 


The  Manners  and  Customs   of  the 
Modern  Egyptians* 

BY    EDWARD    WILLIAM    LANE,  ESa 

A  New  Edition,  with  Additions  and  Improyements,  from  a  Copy  revised  \fj  the  Author, 

and  from  his  MS.  Notes. 

BY    EDWARD    STANLEY    POOLE,  ESQ. 
With  nnmerons  Woodcuts.     One  Yolume.    8to. 


Metallurgy ; 

OB,  THE  ART  OF  BXTBACTINa  METALS  FROM  THEIR  ORES  AND  ADAPTINO 
THEM  TO  VARIOUS  PURPOSES  OP  MANUPACTURB. 

Embracing  the  whole  subjeot  under  the  following  heads  r^ — 

1.  GENERAL  PRINCIPLES  OP  THE  SCIENCE.  2.  FUEL.  S.  METALLURGICAL  OON- 
BTRUCriONS  AND  MATERIALS  USED  IN  THEM.  4.  SPECIAL  METALLURGICAL  PRO- 
CESSES, INCLUDING  ASSAYING. 

BY   JOHN    PERCY,   MD.,   F.R.S. 
Lecturer  on  Metallurgy  at  the  Government  School  of  Mines. 

Illustrated  by  many  hundred  Wood  EngTarings,  Plans,  Sections,  &o.    8to. 
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Self  Help. 

WITH  ILLUSTRATIONS  OP  CHARACTER  AND  CONDUCT. 
Port  8vo. 


The  History  of  Herodotus. 

A  New  Bnglish  YeniOiu    Edited  with  Notes  and  Essajs. 

BY    REV.  GEO.   RAWLINSON,   M.A., 
Late  Fellow  and  Tutor  of  Exeter  College^  Oxford. 

AssisTBD  BT  SIR  HENRY  RAWLINSON  ahd  SIR  J.  G.  WILKINSON. 

With  Maps  and  Woodcats.     Yol.  4  oompleting  the  work.     8to. 


The  English  Constitution ; 

ITS  RISE— GROWTH— AND  PRESENT  STATE. 
BY    DAVID    ROWLAND,  ESa 

Post  8to. 


Manual  of  Fossil  Mammals. 

looludlDg  the  suhfltanoe  of  the  oonne  of  Lectares  on  Osteology  and  PalsBontology  of  the 
class  Mammalia,  deliyered  at  the  Metropolitan  School  of  Science,  Jermyn  Street. 

BY    RICHARD    OWEN,   F.R.S., 
Superintendent  of  the  Natural  History  Department  in  the  British 

With  sereral  hundred  Dlnstrations.    8yo. 


The  Works  of  Alexander  Pope. 

AN  ENTIRELY  NEW  LIBRARY  EDITION. 

The  Text  carefuUy  rerised,  with  a  Niw  Lifb,  and  more  than  800  Uhpubushbd  Lbttxbs  ; 
preceded  by  a  Critical  Essay  on  Pope  and  his  former  Editors : 

EDITED    BY    THE   LATE    RIGHT    HON.  J.  W.  CROKER, 

With  Portraits.     8  Vols.     8to. 


Handbook  to  the  Cathedrals  of  England. 

EXETER,  WINCHESTER,  SALISBURY,  CANTERBURY,  CHICHESTER— 
are  in  forward  preparation. 

With  ninstrations.      Post  8to. 
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The   Student's   History  of  France, 

FBOM  THB  BARLIBST  TDIBS  TO  THB  RBPUBUC  OF  1848. 

Woodcats.     Post  8to. 

Unlfbrm  with  lid^ell's  "  History  of  Borne  ;"  and  Smith's  '*  History  of  Greeoe." 


Handbook  for  Paris. 

Being  a  eomplete  (hdde  for  Visitors  to  all  Objeots  of  Interest  in  that  Metropolis. 
With  Plans.    Post  8to. 


PEOPLE'S  EDITION  OF  THB 

Memoir  of  Sir  Thomas  Fowell  Buxton. 

BY    HIS   SON. 

Post  8to. 
Uniform  with  "  Musbat's  Bailwat  BKADUfa.** 


Life,  Journals,  and  Letters  of  Jonathan 

Swift. 

BY   JOHN    FORSTER. 

INTRODUCTORY  TO  A  NEW  EDITION   OF   HIS  WORKS. 

8to. 


The  Danes  and  Norwegians  in  England, 
Scotland,  and  Ireland. 

BY   J.  A.  A.  WORSAAE,  F.SJV. 
A  New  and  thoroughly  BeTised  Edition.    Woodonts.     Post  8td. 


An  English-Latin  Dictionary. 

BY   WILLIAM    SMITH,  LLD.,  AND  JOHN    ROBSON,  aA. 

8to.  and  12mo. 
Uniform  with  Db.  Smithes  Latin-English  Dictionaries. 
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The  Student's   History  of  the   English 
Language  and  Literature, 

PROM  THB  BARLIBST  TIMBS. 

Poet  870. 

Unifbnn  with  "The  Student's  Hume,*'  and  "The  Student's  Gibbon.*' 


AN 


Historical  Atlas  of  Ancient  Geography. 

Penning  a  Companion  Yolumo  to  The  IHctionary  of  Ancient  (Jeogn^hj. 


BY  WILLIAM    SMITH,  LLD. 

Small  Polio. 

JOUKNAL  OF 


The  Royal  Geographical  Society, 


OOKTKMTS :— 


1.  Oregoiy  —  North    Australian  Expedition. 

Map. 

2.  WilMm—North-West  Australia.    With  Map. 
8.  Hnffitt— ColesbemtoSteinkopf.  With  Map. 

4.  Mofiat  —  Little   Namaqualand    Bostward. 

Map. 

5.  Burton  A  Speko—East  African  BxpediUon. 

Map. 

6.  Graham— Desert  East  of  the  Haurtfn.  Map. 

7.  MOllei^New  Guinea. 

8.  Bink— Kane's  Arctic  Explorations.    Map. 


9.  Lockhart— Tang-tse-Keanff  ft  Hwan^-Ho. 

10.  Thomson  ->  Otago,   New  Zealand.     Map. 

11.  Moestft— West  Coast  of  S.  America. 

12.  Jameson— Quito  to  the  River  Napa 

13.  Power— San  Salvador. 

14.  Gehuchte — Guatemala. 

15.  Hopkins— Trade  Winds. 

16.  Osbom  —  Light  in  the  Arctic  Regions. 
With  Diagram. 

17.  Peechuro^  Ac.— Amfir  River.    Map. 


YOL.  XXYin.    8to^  20«. 

Memoirs  of  the  Early  Italian  Painters. 

AND  OP  THE  PROGRESS  OP  PAINTINQ  IN  ITALY. 

BY   MRS.  JAMESON. 
Reriaed,  and  Enlarged  Edition.    With  lUnstraUons.    Grown  8yo. 


The  German,   Flemish,   and   Dutch 
Schools  of  Painting. 

Prom  the  German  of  EiSgler ;  a  New  Edition,  re-cast  and  amplified,  from  personal  know- 
ledge, so  as  to  render  it  a  more  Practical  Manual  and  Goide  to  the  chief 
Picture-galleries  of  Europe. 

BY    DR.  WAAQEN, 

Director-General  of  the  Berlin  ChtUery. 

With  Illustrations.     Post  8vo. 
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16  MR.  MUKRAY'S  LIST  OF  FORTHCOMING  WORKS, 

A  Dictionary  of  Biblical  Antiquities. 

BIOGRAPHY,  GEOGRAPHY,  AND  NATURAL  HISTORY. 

EDITED    BY   WILLIAM    SMITH,   LLD., 

Claasioftl  Examiner  in  the  Univeni^  of  London. 

Woodcats.     Medium  8vo. 
(  Uniform  wiih  Dr,  Smith' 9  Didionaries  of  Qreek  and  Roman  A  ntiguUieSf  Biography^  Jbc) 

LIST  OF  W&ITE&S. 

Alfobd,  Rev.  Hekey,  D.D.,  Dean  of  Canterbury. 
Barry,  Ret.  A.,  M.A.  Head  Master  of  the  Grammar  School,  Leeds. 
Betan,  Ret.  W.  L.,  M.A.,  Yicar  of  Hay,  Brecknockshire. 
Brown,  Ret.  T.  E.,  M.A.,  Fellow  of  Oriel  College,  Oxford. 
Browne,  Ret.  R.  W.,  M.  A.,  Prof,  of  Classical  Literature,  King's  ColL,  Londoo. 
Bullock,  Ret.  W.  T.,  M.A.,  Sec.  Soc.  for  the  Propag.  Gospel  in  For.  Parts. 
Cotton,  Right  Ret.,  G.  E.  L.,  D.D.,  Lord  Bishop  op  Calcutta. 
Clare,  Ret.  Samuel,  M.A.,  Principal  of  the  Training  College,  Battersea. 
Cook,  Ret.  F.  C,  M.A.,  one  of  H.  M.  Inspectors  of  Schools. 
Daties,  Ret.  J.,  L.L.,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 
Drake,  Ret.  William,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 
EllicoTt,  Ret.  C.  J.,  B.D.,  Professor  of  DiTinity,  King's  College,  London. 
El  WIN,  Ret.  Whitwell,  B.A.,  Rector  of  Booton,  Norfolk. 
Farrar,  Ret.  F.  W.,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 
Ferousson,  James,  Esq.,  F.R.A.S. 

Gotch,  Ret.  F.  W.,  M.A.,  Scriptural  Examiner  in  the  UniTersity  of  London. 
Grote,  George,  Esq.,  Sydenham. 
Hawkins,  Ret.  Ernest,  B.D.,  Prebendary  of  St.  Pauls. 
Hatman,  Ret.  Henry,  M.A.,  late  Fellow  of  St.  John's  College,  Oxford. 
Hertet,  Hon.  and  Ret.  Lord  Arthur,  M.A. 

Hessbt,  Ret.  James  A.,  D.C.L.,  Head  Master  of  Merchant  Taylors'  School. 
HowsoN,  Ret.  J.  S.,  M.A.,  Principal  of  the  Collegiate  Institutiou,  LiTerpooL 
Huxtable,  Uet.  Edgar,  M.A.,  Prebendary  of  Wells. 
La  YARD,  Austen  H.,  Esq.,  D.C.L. 
Leathes,  Ret.  Stanley,  M.A.,  Jesus'  College,  Cambridge. 
Marks,  Ret.  D.  W.,  Professor  of  Hebrew  in  UniTersity  College,  London. 
PooLE,  E.  Stanley,  Esa. 
Poole,  R.  Stuart,  Esa.,  British  Museum. 

Perowne,  Ret.  J.  J.  S.,  B.D.,  Hebrew  and  Dit.  Lecturer  in  King's  ColL.  Lon. 
Perowne,  Ret.  T.  T.,  M.A.,  Fellow  of  Corpus  Christi  College,  Cambridge. 
Plumptre,  Ret.  E.  H.,  M.A.,  Prof,  of  Pastoral  Theology,  King's  Coll.,  London. 
Phillott,  Ret.  H.  W.,  M. A.,  late  Student  of  Christchurch. 
Porter,  Ret.  J.  L.,  M.A.,  Author  of  the  **  Handbook  of  Syria  and  Palestine." 
Pritchard,  Ret.  C,  M.A.,  Head  Master  of  the  Grammar  School,  Clapham. 
Rawlinson,  Ret.  G.,  M.A.,  late  Fellow  and  Tutor  of  Exeter  College,  Oxford. 
Rose,  Ret.  H.  J.,  B.D.,  late  Fellow  of  St.  John's  College,  Cambridge. 
Selwyn,  Ret.  William,  D.D.,  Margaret  Professor  of  DiTinity,  Cambridge. 
Stanley,  Ret.  Arthur  P.,  D.D.,  Regius  Prof,  of  Eocles.  Hist.,  Oxford. 
Theodores,  T.,  Esq.,  Manchester. 

Thomson,  Ret.  William,  D.D.,  ProTost  of  Queen's  College,  Oxford. 
Yenables,  Ret.  Edmund,  M.A.,  Bonohuroh,  Isle  of  Wight. 
Westcott,  Ret.  B.  F.,  M.A.,  late  Fellow  of  Trinity  College,  Cambridge. 
Wright,  William,  Esq.,  M.A.,  Trinity  College,  Cambridge. 
%*  Thi  Pibst  VoLUMi  wiU  be  ready  early  next  year, 
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